BALTIC SEA ENVIRONMENT PROCEEDINGS

No. 35 B

SECOND PERIODIC ASSESSMENT OF THE STATE
OF THE MARINE ENVIRONMENT
OF THE BALTIC SEA, 1984 — 1988;
BACKGROUND DOCUMENT

BALTIC MARINE ENVIRONMENT PROTECTION COMMISSION
— HELSINKI COMMISSION —



For hibliographic purposes this document should be cited as:
Batic Marine Environment Protection Commission
— Hesinki Commission —
1990
Second Periodic Assessment of the State
of the Marine Environment of the Baltic Sea, 1984— 1988;
Background Document
Baltic Sea Environment Proceedings No. 3.5 B

Information included in this publication or extracts thereof
is free for citing on the condition that the
complete reference of the publication is given as stated above

Copyright 1990 by the Baltic Marine Environment Protection Commission
— Helsinki Commission —

ISSN 0357-2994

Hamburg — Bundesamt fur Seeschiffahrt und Hydrographie, 1990




SECOND PERIODIC ASSESSMENT OF THE STATE OF THE MARINE ENVIRONMENT
OF THE BALTIC SEA, 1984-1988;, BACKGROUND DOCUMENT

CONTENTS Page
PREFACE . . o 1
INTRODUCT EON . .o e e e e e 3

CHAPTER 1. HYDROGRAPHY

ADSTract . 21
1.1 Met eorol ogical, ice and water exchange conditions ...... 22
1.1.1 Weather and ice conditions .......... ... . . .. ... 22
1.1.2 Fresh water run-off and water exchange ................. 25
1.1.3 Long-term changes ......... .. . . . 28
1.1.4 Long-term changes in transparency ...................... 32
1.2 Hydrographical conditions .............. ... . ... ... 33
1.2.1 The Kattegat . ........ i 33
1.2.2 The Belt Sea .........ii e e e 37
1.2.3 The Baltic Proper . ...... ... e 39
1.2.3.1 Arkona BaSin ..........ii 39
1.2.3.2 Bornholm Basin .......... . 41
1.2.3.3 Eastern Gotland Basin, Gdaiisk Deep and the eastern

area of the Northern Baltic Proper ..................... 43
1.2.3.4 Western Gotland Basin ......... ... .. ... . ... . ... 49
1.2.4 GQulf of Finland ......... .. . i 54
1.2.5 QuIf Of Riga ... 59
1.2.6 GQulf of Bothnia ........ ... .. i, 60
SUMI B Y et 66
Ref erences . . 67

CHAPTER 2.  OXYGEN, HYDROGEN SULPHI DE, ALKALINITY AND pH

ADSETACE . . . 69
2.1 Introduction . . . . . . . . 70
2.2 Regi onal assessment of oxygen conditions ............... 75
2.2.1 The Kattegat, the Sound and the Belt Sea. . . . . . ... ... ... 75
2.2.2 The Baltic Proper . . . . . . . 79

Arkona Basin

Bor nhol m Basin

Eastern Gotland Basin
Gdansk Basin

@l f of Riga

Northern Baltic Proper
Western Gotland Basin



2.2.3 Gulf of Finland .......... .. . . . . . i 86
2.2.4 GulT of Bothnia ........ ... . . ... i i 86
Aland Sea
Bothnian Sea
Bothnian Bay

N
w

Regional assessment of the alkalinity .................. 90
The Kattegat and the Sound ................. ... ......... 90
2.3.2 The Baltic Proper . ........... ... i 90
Arkona Basin
Bornholm Basin
Eastern Gotland Basin
Northern Baltic Proper
Western Gotland Basin
2.3.3 Gulf of Bothnia ........ ... ... . . . . . 94
Aland Sea
Bothnian Sea
Bothnian Bay

N
w
'_\

2.4 Regional assessment of the pH ........... ... .. ... ....... 94
The Kattegat, the Sound and the Belt Sea ............... 94
2.4.2 The Baltic Proper ........... ... ... 97
Arkona Basin
Bornholm Basin
Eastern Gotland Basin
Gdafisk Basin
Northern Baltic Proper
Western Gotland Basin
2.4.3 GulT of Bothnia ........ ... .. ... i 102
Aland Sea
Bothnian Sea
Bothnian Bay

N
1SN
=

SUMMAKNY o o ottt e e 105
OXY BN . ot 105
AlKaliniy . ... . 105
-3 PH . . . . . L ettt ceteattsanes Cerererrasaseneens 106

NDNDNN
(6206, BN &) NG, |
N -

[N = =] 1o =1 107

CHAPTER 3. NUTRIENTS

2 o 1 o = Lot 110
3.1 Introduction and general remarks ........ . ... ... ....... 110
3.2 New results with respect to changes in the Baltic

BCOSYSteM .ot i i i ieeeaeeaaeeaaaaaaaa- 111
3.3 Regional assessments of long-term variations ........... 114
3.3.1 The Kattegal -----cummmm e e e e e e e 116
3.3.2 The Belt Sea .--ciiimi i i i i i eeeeecmeeaaannnn 119
3.3.3 The Baltlic Proper ... ... e e e eeeama s 123
3.3.4 Gdaiisk Basin ..o i i i i e e 130
3.3.5 Western Gotland Sea ..... ... ... i ii e 136
3.3.6 GuIT of Bothnia ... ... .. e ae e aaaaan 136
3.3.7 GuIT of Finland ... ... . e aa e 144



3.3.8

@l f of Riga ........

Dl SCUSST ON oottt e e

CHAPTER 4. PELAG C BIoLoGY

Abst ract

4.

>
)

&>
-

BRMRARABAS

BRARBRARSS

S ekt aka

AEDARAADNAS
CROPPPDD O

O o Noolh~wN -

1

W W W W W LW www
OCOoO~NOOOITDWN -

BRARBRRARSS
OCOoO~NOUITA WN -

o oo oo
a b~ wnN e

Introduction and general remarks .......................

Material and nethods

Phyt opl ankt on:  Chl orophyll-a and prinary production

The Kattegat, the Sound and the Belt Sea ...............
Kiel Bay and Bay of Mecklenburg ........................
ArKONa SBaA . i
Bornhol m Sea . ...... .
Gotland SEA ....... ..
Northern Baltic Proper ........... ...,
Qulf of Finland ....... ...
Bland Sea ...
Bothnian Sea and Bothnian Bay ..........................

Phyt opl ankt on bi onass
The Kattegat ........
The Belt Sea ........

and species conposition ..........

Kiel Bay .......o.iii i

THEe SOUNO v eeeseeeeneeaneerennesssesaseasaseansnanassse

Arkona SBa ..ot

Bor nhol m Sea and West
Eastern Gotland Sea .
@l f of Finland .....

ern Gotland Sea ......... ...

Archi pel ago Sea and Gulf of Bothnia ....................

Nui sance plankton algae ............ ... i,

Nost ocophyceae ......

Di NOPhYCBAE .. it

Chrysophyceae .......
Di at onophyceae ......
Prymesi ophyceae ....

Zoopl ankton .........
The Kattegat ........
The Sound, the Geat

Belt and the Southern Belt Sea

Kiel Bay and Bay of Mecklenburg ........................
Arkona SEa ... .o

Bornholm Sea ........

Gotland SEA ...t
Eastern and Southeastern Baltic Proper .................

@l f of Finland .....
Rland Sea and Gulf of

Assessnment and revi ew

Bothnia ............... ... ........

147
149
150

151

153

154

155

156
156
158
160
162
162
162
162
162
162

167
167
169
170
170
170
172
174
175
177

179
179
179
180
180
180

181
181
181
| a4
| a4
188
188
188
192
192

199



Summary

(RN ST =] 1=

CHAPTER 5. Z OOBENTHOS

Abstract

5.1

5.2
5.2.1

(3]
w

Introduction

General information on the Baltic Sea floor ............
Regional desCriptions ............. ...,
Southern Kattegat

Great Belt

The Sound

Kiel Bay

Arkona Basin

Bornholm Basin

Gdaiisk Basin

Western Gotland Basin

Northern Baltic Proper

Aland Sea

Bothnian Sea

CoNCIUSTIONS . . oo

Regional assessments . ......... ..t
The Kattegat, the Sound and the Great Belt . . . . . . . . . . ...
The Northern Kattegat

The Southern Kattegat, the Sound and the Great Belt
Conclusions

The Belt Sea ........ .. e e e
Kiel Bay

Conclusions

Liibeck Bay and Bay of Mecklenburg

Libeck Bay

Bay of Mecklenburg

Wismar Bay

Kadet Furrow

Conclusions

Arkona Basin .. ... ... ..
Central Arkona Basin

Southern Arkona Basin

Conclusions

The eastern and central part of the Southern Baltic
PrOPEr . o R
Bornholm Basin

Slupsk Furrow

Gdansk Basin

Conclusions

Central and Northern Baltic Proper . . . . . . . . . . . . . . . . ... ..
Eastern Gotland Basin

Northern Basin of the Baltic Proper

Western Gotland Basin

Conclusions

GUIT of Riga . .... ... . . . .. e, *,

205

206

211

212

214
214

217

217
217

225

236

241



5.3.7

5.3.8

Ref er ences

@l f of Finland ... ... ... . . . . .
I ntroduction

Results and discussion

Concl usi ons

@Qlf of Bothnia ....... ... . .. . . . . .
Aland Sea

Bot hni an Sea

Bot hni an Bay

Coastal areas

Concl usi ons

CHAPTER 6. BALTI C FISH STOCKS

Abst r act

6

6.
6

oo
NENERENYN
~No o b w

oo

1

2

2

w w

Denmersal fish stocks ....... ... .. ... . ... . ...

Cod

Cod in the Kattegat

Cod in the Belt Sea and Arkona Sea

Cod in the Bornholm Sea, Baltic Proper, Gulf of Bothnia,
and Qulf of Finland (Sub-divisions 25-32)

Plaice . . . . . . . . . .. ...

Plaice in the Kattegat

Plaice in the Belt Sea

Rel ationships with other plaice stocks

Dab . .

S0 P

Flounder . ... . . . . . . G oeeees

Norway lobster ......... . ... .. . . . . ...

Reaction to environnental factors and inpact on benthos

by predation . ... .. . . . .

Rel ati onshi p between environmental conditions and life

stages of fish ... ... ... . .. .. .

Rel ationship between hypoxia and fish diseases .

Pelagic StOCKS . tevuiniiniiiienneiieniareareagoansennnsan
Sprat
Sprat in the Southwestern Baltic Sea (including Sound
and Belt Sea)
Sprat in the Southeastern Baltic and Eastern Gotland
Basi n
Sprat in the Western Gotland Basin, Archipelago Sea,
@l f of Finland, and @l f of Bothnia
Herring . . . . . o
Herring in the Southwestern Baltic and the Kattegat-
Skagerrak Area
Herring in the Bornhol m Sea, the Southeastern Baltic
and the Western Goétland Basin
Herring in the Archipelago Sea and the Eastern Part
of the Bothnian Sea
Herring in the Eastern Part of the Bothnian Bay

260

270

271

277

278

279
280

284

294



Ref er ences

@l f of RrRiga herring
Herring in the Eastern cotland Basin and the Northern

Baltic Proper
Herring in the Gulf of Finland

CHAPTER 7. Yl CRO- ORGANI SMS

ADSEraCt o
7.1 Introduction . ... ... . . . . . 5,
7.2 Regi onal distribution of mcrobiological parameters .

Total bacterial numbers

Bacterial biomass

Col ony forming bacteria

Bacterial production
7.3 Vertical distribution of microbiological parameters .
7.4 Routine investigations in the Kiel Bay . . . . . . . .. .. ... ...

Col ony forming bacteria

Bacterial biomass

Bacterial production
7.5 Taxononmi ¢ characteristics of the bacteria in the

Baltic Sea . . . . . . . R
7.6 Indicatory groups of micro-organisme . . . . . . . . . .. ...
7.7 Environnental capacity of the Baltic Sea . . . . . . . . . . . . . ..
SUNMMMBIY o
Ref erences . . .

CHAPTER 8. TRACE ELEMENTS

Abst r act

a.l

a.2

o O 0o D
W w w
wn -

8.3.4

INtroduction . . . o . o

Particulate trace netals (PTM ... ... ... ... ... ... ... ... .
Concl uding remarks

Trace elements inbiota. . . .. .. ... ...
Introduction . . . . . . . .
CGeographi cal Baseline Study 1985 .......................
Assessnent of data fromthe 1985 Baseline Study . Coe
a) Species-specific differences

b) Regional differences

Synopsis on prevailing levels and tenporal trends

of trace elenents in Baltic fish and shellfish .........

301

302

303

303

305

316

318

324

324

325

326

327

331
331
333
340
340

341
343



CHAPTER 9.

Abstract

© © VWY

ol ol R
.

AW

O ©
NN
N

9.2.3

9.2.4

Lead ... ..
Copper and ZiNC ...
Cadm UM ...
MBI CUrY
Organotin compounds ...................... .. ...

ORGANI C CONTAMINANTS

Introduction . ... . . . .
General ..
Harnful contam nants . ... ... . . ... . .. .. .
Bi oaccunmul ation .. ... ..
Anal ytical methods . ..... ... .. ... . .. ..

Pet r ol eum hydr ocar bons
Prelim nary remarks

Introduction . ... . . . . .

I nput of petroleum hydrocarbons into the Baltic Sea .

Threat eni ng picture
General renmarks about

Backgr ound

General remarks about the
Monitoring results ...... ... ... .. .. .. ...,

Pet rol eum hydrocar bons

Pet rol eum hydrocarbons
sedi nents

Pet rol eum hydrocar bons

al spills

t he
Anal ysis of petrol eum hydrocarbons

in
in

in

i nput estinates

UV- F net hod

wat er
particulate matter

bi val ve nol | uscs

and

PESt i Cl UBS  evve eeeeoseoceooseaoeenasnesanesoonnsssssnnses

DT .

HCHS . . .
(PCO)

Chl orinated canphenes

Qher chlorinated pesticides . . . . . . . . . . . . ...
Sedi MENTS ...

PCBs and "New cont am nants"”
Pol ychl ori nat ed bi phenyl s

Baseline and nonitoring studies

Trend. noni toring
Spatial variation
PCB congeners

Ef fects on manmal s

Polybrominated biphenyls . . . . . . . . ..

Envi ronnmental |evels
Pol ybromi nated di phenyl
Envi ronnmental |evels

360
361
361
364
365

365

367

371
371
371
372
373
374
374
375
376
377

379

386

387
389

393
397
397
397

398
399

408



9.4.4 Polychlorinated terphenyls .......... .. ... . . ... .. ... ....
Environmental levels

9.4.5 Polychlorinated napthalenes ............................
Environmental levels

9.4.6 Chlorinated paraffins .. .. ... .. ... .......... ...
Levels in the environment

9.4.7 Polychlorinated benzenes ........... ... . .. ...
Environmental levels
Water
Sediment
Biota

9.4.8 Chlorophenolls .. ... . . . . .
Emissions
Levels in the environment

9.4.9 DEOXENS .. o e
Environmental levels

9.4.10 Halogenated organic matter ................... ...,
Levels iIn water
Levels in sediment
Levels iIn biota
Biological effects

9.4.11 Phthalates ... .... .. ... . . . e e
Environmental levels

9.4.12 Nonylphenol . ... .. . . ...

Summary et cet ettt et ettt et ittt atectsonntecesarseoaeons

= = =T o

BALTIC SEA ENVIRONMENT PROCEEDINGS ... ... .o

417

418

418

420

429



PREFACE

Within the framework of the Baltic Marine Environment Protection Commission -
Helsinki Commission - marine environment monitoring data have been collected since
1979 within the frame of the Baltic Monitoring Programme (BMP). The guidelines
for the programme are reviewed every Tive years by the Commission and the revised
guidelines are published in the Baltic Sea Environment Proceedings (BSEP) series.
The Third Stage of the Baltic Monitoring Programme (BMP) started in 1989 and the
Guidelines were published in Baltic Sea Environment Proceedings Nos. 27a, B, C,
D. The monitoring data provided by all Baltic Sea States are stored and processed
in the HELCOM Data Base established by the Commission on a consultant basis. The
aim of the common data bank is to serve as a source of current information on the
state of the Baltic Sea. The periodic assessments of the state of the marine
environment of the Baltic Sea are published by the Commission regularly as a
comprehensive scientific overview and as general conclusions drawn on the basis of
this scientific overview. The previous assessments were published in the Baltic
Sea Environment Proceedings Nos. 5A and 5B (1981) and Nos. 17Aa and 17B
(1986/1987). The conclusions drawn from the present scientific evaluation have
been published by the Commission in the Baltic Sea Environment Proceedings No. 35A
(Second Periodic Assessment of the State of the Marine Environment of the Baltic
Sea, 1984-1988; General Conclusions) and presented to the Baltic Sea Conference,
held in Ronneby, Sweden, 2-3 September 1990.

The present publication, BSEP 35 B, contains the chapterwise scientific evaluation
for the years 1984-1988. The work has been done by the ad hoc Group of Experts for
the Preparation of the Second Periodic Assessment of the State of the Baltic Sea
(GESPA), established by the Helsinki Commission. Experts from all Baltic Sea
States participated in the work of the group, as well as representatives of the
International Council for the Exploration of the Sea (ICES), the Baltic Marine
Biologists (BMB) and the Conferences of the Baltic Oceanographers (CBO). Professor
Sebastian A. Gerlach from the Federal Republic of Germany acted as Chairman, and
the Environment Secretary of the Commission, Ms. Terttu Melvasalo, as Secretary of
the Group. Each chapter in this proceedings presents results emerging from the
monitoring activities, other data available, scientific literature and other
relevant information, evaluated by experts and coordinated by the Convener and Co-
convener of each chapter, and written by individual authors.

It is my sad duty to recall that Professor Aarno Voipio from Finland, one of the
well-known experts of the project and the Tirst Executive Secretary of the
Helsinki Commission, died during the final stage of the completion of this
project, 11 February 1990.

On behalf of the Helsinki Commission, sincere gratitude is expressed to the
editor, Professor Sebastian A. Gerlach, and to all scientists who assisted in
carrying out the project, to Mr. Klaus Reiber of the Marine Research Institute of
the University of Kiel, who assisted in redrawing most of the figures, to Ms.
Teija-Liisa Lehtinen from the Helsinki Commission and Ms. Pia Kostakow Tfrom
Finland, who were responsible for typing and technical editing of the documents,
as well as to the Federal Maritime and Hydrographic Agency in Hamburg which has
undertaken the printing of both volumes of Baltic Sea Environment Proceedings
No. 35.

Helsinki, 15 October 1990 Fleming Otzen
Executive Secretary
Helsinki Commission
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Baltic Sea Environment Proceedings 358 (1990)
Second Periodic Assessment of the State of the Marine Environment of the
Baltic Sea, 1984-1988 ; Background Document

INTRODUCTION

S. A Cerlach (Editor, Chairnman of GESPA)
Institut fiir Meereskunde an der UuUniversitit Ki el
Dii at ernbrooker Weg 20

D- 2300 Kiel, Federal Republic of Gernmany

Scientists fromthe seven countries bordering the Baltic Sea worked
together in the "ad hoc Group of Experts for the Preparation of the
Second Periodic Assessnent" (GESPA) of the Helsinki Conm ssion and
conpiled data fromthe nonitoring period 1984-1988. They eval uated the
actual levels and concentrations neasured and indicated trends in
comparison with the previous assessment period 1979-1983 and with ol der
data, referring to neteorology and hydrography, oxygen conditions and
nutrients concentrations, phytoplankton, zooplankton, zoobenthos, fish
and nicro-organisns, and heavy nmetals and organic contaminants in sea
water and biota. Results and conclusions are presented in the respective
chapters of the volune. The executive summary contained in the Baltic Sea
Environnent Proceedi ngs No. 35A (1990) "Second Periodic Assessnment of the
State of the Marine Environnment of the Baltic Sea, 1984-1988; General
Concl usi ons", agreed by the conveners, co-conveners and experts involved
in the preparation of the Second Periodic Assessnent at their |ast
meeting in April 1990, is contained in this introduction under paragraph
5.

1. The Baseline Assessnent 1980

In 1978 the Interim Hel sinki Conm ssion asked for an assessment of
existing data on the pollution of the Baltic Sea. Under the editorship
of Terttu Melvasal o who was assisted by co-editors Janet Paw ak, Kl aus
G asshoff, Lars Thorell and Alla Tsiban, about 30 experts from the seven
Baltic countries worked out the "Assessnent of the Effects of Pollution
on the Natural Resources of the Baltic Sea, 1980 (Melvasalo et al.,
1981).

Topics treated in chapters were
Physi cal paraneters
Di ssol ved gases
Nutrients
Harnful substances
Bi ol ogi cal paraneters.

I nformati on was given on
Rel evance of methods
Gaps in know edge
Trends
Differences in sub-areas
Inter-relationships with other processes
Inputs to the Baltic Sea
Effect of human activities
Degree of pollution.



By "assessnent" the Hel sinki Commi ssion neant an evaluation or judgenent
of the conditions and quality of the environnent and its |iving
organi sms. The 1980 assessment was neant as a "baseline assessment"™ from
where future trends should be determined in subsequent assessments which
coul d make use of data fromthe Baltic Mnitoring Programme. The 1980
assessment, including a bathynmetric chart of the Baltic Sea, is still a
val uabl e overview of the conditions in the Baltic. In the sane year the
book "The Baltic sea" by A Voipio (1981) appeared with additiona
conprehensive information.

2. The First Periodic Assessment for the period 1979-1983

Guidelines for the first stage of the Baltic Mnitoring Programre were
i ssued on August 25, 1980. However, already in 1979 the Baltic Mnitoring
Programme started, and not later than 1981 the Hel sinki Comm ssion
decided to establish the "Ad hoc Group of Experts on Assessment of the
State of the Marine Environment of the Baltic Sea" (GEA). More than 40
experts from all seven countries bordering the Baltic Sea joined in a
cooperative effort and produced, under the chairmanship of Julius Lassig,
the "First Periodic Assessnent of the State of the Marine Environment of
the Baltic Sea Area, 1980-1985". The general conclusions appeared in
1986, the background docunent in 1987 (Baltic Marine Environment
Protection Comm ssion 1986; 1987 a)

Chapters, reflecting the sub-divisions of the guidelines, were
Hydr ogr aphy
Nutrients
Harnful  substances
Pel agi ¢ bi ol ogy
Zoobent hos
M cr obi ol ogy.

The GEA evaluated the results of the Baltic Mnitoring Programme for the
period about 1979 to 1983 and reviewed other relevant information
pertinent to the assessment of the state of the Baltic Sea. In witing
the respective chapters, the conveners and experts of the sub-groups had
consi derabl e freedom Chapters of the background docunent were issued
under the nanes of those scientists who wote the chapters. In spite of
many shortcomngs in the initial phase of the Baltic Mnitoring
Programme, the First Periodic Assessnment is a unique exanple how
moni toring should be done: it nust be followed by an assessment of the
moni toring data organized as rigid as the monitoring itself. The results
of the assessnment are neant to inprove the quality of the next nonitoring
period, they point to deficiencies of know edge and summarize what can
be said about the environmental trends, referring not only to the
assessed five-year period but considering the past in general. Finally,
proposals for action required were included in the assessment report.



3. General conclusions from the First Periodic Assessment, and from
other sources, regarding the state of the Baltic Sea in the
period 1979-1983

In the assessment period 1979-1983 concentrations of cadm um copper and
nickel in offshore Baltic Sea waters were higher than in the waters of

the open North Atlantic. This has partly anthropogenic causes, partly it
can be explained, in the Baltic Sea, by the high percentage of river
wat er whi ch by nature has hi gher concentrations of some heavy netals
compared with ocean water. Concentrations of mercury and lead in offshore
Baltic Sea waters were in the same range as in the open North Atlantic.

Mercury concentrations in fish fromthe offshore Baltic were |ikew se not
significantly higher than in fish fromthe North Atlantic. In 1983 there
was no mercury problem evident in the offshore Baltic, in spite of the
fact that there were still local hot spots in coastal areas.

Concentrations of DDT (and nmetabolites) in eggs of sea birds and in
herring fromthe Baltic Sea were in 1979-1983 still higher conpared with
data fromthe North Sea, however, there had been a ten-fold reduction of
concentrations achieved between 1970 and 1980. Wth regard to nercury
and DDT, by 1979 environnental protection neasures have been effective.
PCB concentrations, however, seenmed to be still rather high in 1983. Very
little was known regarding other organic contam nants.

Oxygen is transported to the deep basins of the Baltic Sea with episodic
salt water inflows which occur during autum to spring. The |ast mgjor
inflowto the Baltic Proper was observed at the Darss Sill in autum
1976. Following this oxygen supply, many previously anoxic deep areas
were recol oni sed by sonme macrofauna. However, during 1979-1983 the deeps
in the Central and Northern Baltic Proper did not get new supplies of
oxygen. The deep water was stagnant, anoxic, and by bacterial metabolism
hydrogen sul phi de devel oped and killed all zoobenthos. A small 1979/1980
inflow permtted macrofauna populations to increase tenporarily only in
the deeps of the Southern Baltic Proper. By 1983, the oxygen conditions
had again deteriorated to the poor situation prevailing before the
197571976 inflow. 1981 was the turning point to bad |ate summer oxygen
situations in the Southern Kattegat, in Little Belt, in Kiel Bay and in
the Bay of Meckl enburg, documented by the die-off of macrozoobenthos in
many sub-pycnocline waters.

Unfortunately, oceanographers cannot neasure well enough the water
transport through the Sound and through Great Belt and Little Belt. There
are nethodol ogi cal problens with current measurements in the conplicated
system characteri sed by conplex water novenents back and forth and by
successive entrainment of ingoing water into the outgoing water nass.
Therefore, oceanographers in 1986 could not make good cal cul ati ons on the
year to year transport of water from the Skagerrak to the Baltic Sea,
neither during episodic inflow events in winter nor under stratified
sumer situations, when the inflowis driven by the estuarine circulation
(Fal kenmark 1986). Modelling the water transport in and out the Baltic
Sea is still in its infancy.

It is evident that |large amounts of all kinds of harnful substances and
plant nutrients, are introduced to the Baltic Sea via rivers. In fact,
the Baltic Sea is just a continuation of the many rivers which drain
1,670,00 km2, an area four tinmes larger than the Baltic Sea itself
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(390,000 xm? without the Kattegat; Fig. 1, Table 1). The seven major

rivers together (Table 2) contributed

in 1981 with 211 kr® about half of

the 439 km> of freshwater which was the mean annual discharge in the

period 1951 to 1970 to the Baltic Sea (Kattegat excluded,

Figure 1.
Baltic Sea.

Sub-regions and catchment area (drainage basin)
Catchment area from Mikulski

Table 1).

of the
(1986), sub-

regions according to Baltic Marine Environment Protection

Commission (1988):
Bothnian Bay

Quark

Bothnian Sea

Aland Sea

Archipelago Sea

Gulf of Finland

Gulf of Riga

Northern Baltic Proper
Western Gotland Basin

- T OTMOOm@>

N DO UVO=Z=rxXu

Eastern Gotland Basin
Southern Baltic Proper
Bay of Gdansk

Bay of Mecklenburg
Kiel Bay

Little Belt

Great Belt

Sound

Kattegat

Skagerrak

Central
sBaltic

ENHAVN K
o Southern
O Baltic

.. Preper X

Su




Table 1.

Sub-region

7

Geographical data for the Baltic Sea. Areas, volumes and
river flow (mean of period 1951-1970) from Mikulski (1986;
partly modified in conformity with data used for the
preparation of the Second Pollution Load Compilation of
HELCOM); these corrections and data on catchment area (=
area of drainage basin) and population (number of persons
living in the catchment area) by courtesy of Mr. R.
Rudloff, Deutsches Hydrographisches Institut, Hamburg.
According to Rybinski et al. (1989), about 970 000
additional iInhabitants of Czechoslovakia drain into the
Baltic Proper.

Sea area Volume Country Catchment Flow Population

km= km3 area km2 km3/y
Bothnian Bay 36 260 1 500 Fl 146 000 50 241 000
(incl. Quark) SE 131 000 55 472 000
Bothnian Sea 79 256 4 889 FI 39 000 11 430 000
(incl. Aland Sea) SE 180 000 74 1 045 000
Archipelago Sea incl. incl. Fl 9 000 2.6 240 000
Total Gulf of about
Bothnia 115 517 6 370 505 000 193 2 428 000
Gulf of Finland 29 600 1 100 Fl 50 000 11 1 961 000
su 374 000 100 10 000 000
Gulf of Riga 13 839 408 su 117 550 27 4 000 000
Total Gulfs of
Finland and Riga 43 439 1 508 541 550 138 16 000 000
Baltic Proper su 114 820 31 5 500 000
PL 312 000 51 32 800 000
SE 72 000 17 4 244 000
DK 1 068 78 000
DD 15 980 906 000
Total 211 096 13 045 515 868 100 44 000 000
Belts and
Western Bays 18 273 262 DD 10 191 1 060 000
DE 5 450 1 100 000
DK 10 000 1 600 000
Sound 1 848 25 DK 1 900 1 682 000
SE 2 500 724 000
Total Sound
and Belts 20 121 287 30 041 8 6 166 000
Kattegat DK 7 000 465 000
SE 70 000 2 200 000
Total 22 387 421 77 000 29 2 665 000

Total Baltic Sea 412 560 21 631 1 669 459 468 71 000 000
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Table 2. Fresh water discharge 1981 of the seven mpjor Baltic
rivers. From United Nations Statistical Comm ssion (1987).

Ri ver Catchment Ri ver Fl ow
area km= m3/s km3/year
Neva 281 000 2 463 77.7
Vistula (Wsla) 194 424 1 040 32.8
Kem (Kemj oki) 51 400 739 23.3
Daugava 87 900 688 21.7
Neman 92 200 674 21.3
Oder (0Odra) 118 861 560 17.7
Kymi  (Kymijoki) 37 235 517 16.3

The ampunt of freshwater delivered to the Baltic Sea fromrivers varies
fromyear to year between about 420 and 550 km3/year. This variation
together with the salt water inflows influence salinity and
stratification of the water masses of the Baltic Sea. Salinity increased
in the seventies, but has been decreasing since then

Total |oads of nutrients and other substances fromland and fromthe
at nosphere to the Baltic Sea have been estimted by the Hel sink
Conmi ssion according to data which are not strictly conparable and are
partly inconplete so that the First Pollution Load Conpilation nust be
interpreted with great care (Baltic Mrine Environment Protection
Conmi ssion 1987 b). Estimated annual inputs to the Baltic Sea are listed
in Table 3.

Table 3. Estimates of the total pollution load into the Baltic Sea,
including the Kattegat. Input fromland: fromBaltic Marine
Envi ronnment Protection Commi ssion (1987 b). Input 1986
from at nosphere: from Areskoug 1989

Cont am nant [nput fromland  Atnospheric input
t/year t/year

Degr adeabl e organic
matter QPCD equivalent) 1 640 000
P

Total phosphorus 48 500

Total nitrogen 530 000 270-630 000
Cadmi um 59 35
Copper 4 200 470
Lead ? 1 560

Zi nc 8§ 900 3 400



Larsson et al. (1985) have estimated an eight-fold increase of phosphorus
loads to the Baltic Sea since the beginning of the century, a four-fold
increase since 1950. The increase of nitrogen loads between 1950 and 1980
was probably by two.

Between 1970 and 1980 phosphate and nitrate concentrations increased
three-fold in the surface winter water of the Baltic Proper. There was
an increase of salinity, too, indicating increased mixing with deep water
which is rich in salt and in nutrients. This increased mixing was partly
responsible for the nutrient increase. However, it is reasonable to
conclude that anthropogenic nutrient inputs made a considerable
contribution and therefore enhanced the process of primary production in
the surface layer. Hence anthropogenic inputs are responsible for
increased oxygen consumption in the Baltic deep water. This conclusion
is not contradictory to the fact that the actual cause of oxygen
depletion iIn the deep water is insufficient oxygen import, the lack of
inflows of salt-rich water from the Skagerrak.

The main Ffinding from the First Periodic Assessment was ongoing
eutrophication in the Baltic Sea. This called for further action to
reduce the inputs of nutrients from the Baltic Sea states (Baltic Marine
Environment Protection Commission 1986, p. 13).

Nutrient concentrations increased in the 1970s in spite of the fact that
Sweden and Finland were investing large sums of money into wastewater
treatment plants which not only reduce the organic load and hence the
oxygen demand of the wastewater, but are also equipped with phosphorus
removal techniques. However, the bulk of nutrients was introduced into
the Baltic Sea from the countries at the eastern shores. Therefore, the
reduction of nutrient inputs in Denmark, Sweden and Finland had no
apparent effect upon nutrient concentrations in offshore Baltic Sea
water. However, the quality of coastal waters was improved.

There is a reason to believe that phytoplankton biomass and primary
production in the Baltic Sea doubled between 1970 and 1980. In comparison
with previous periods more food became available for secondary producers,
so that more macrofauna biomass could develop in the sediments of shallow
areas which were not disturbed by oxygen deficiency.

Inputs from land go into river mouths, 1into shallow lagoons and into
coastal waters and are partly deposited there in the sediment, and partly
transported into the offshore Baltic Sea. Many pollutants and nutrients
have an affinity to particles: they are physico-chemically bound to clay,
adhere to particle surfaces or are incorporated into living organisms,
by affinity to lipids or by biochemical processes. The offshore Baltic
Sea works in the same way as a wastewater treatment plant (Fig. 2), but
at much lower concentrations: dissolved compounds are incorporated into
particles which tend to sink to the sediment. By this process the water
is cleaned. Contaminant concentrations in offshore Baltic water are
surprisingly low, in spite of the many inputs of pollutants and
nutrients. But one cannot clean something without getting something else
filthy (one of "Murphy®s Laws'™). Pollutants and nutrients introduced to
the Baltic Sea are eliminated via sedimentation from the water, but
accumulate in the deep sediments, and are concentrated in the deepest
parts like at the bottom of a funnel. A deposit of persistent toxic
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substances accumulates in the deep mud of the Baltic Sea. One cannot
tolerate this toxic dumpsite in the long run. One should have in mind
that mankind as well as fellow creatures, want to live decently for
thousand and more years in and around the Baltic Sea. Inputs of toxic
substances should be avoided.

Figure 2. The open Baltic Sea compared to the function of a
wastewater treatment plant. After Gerlach (1988)

Inflow of river water

Jutflow to receiving water {Skagerrak)

Mechanical treatment:
[
sedimentation
———————— - o
__________ Halocline impedes
! water exchange
1

Oxygen input: Biological treatment:
saltwater acts as vehicle

/

mineralization of organic mattet

4. The Second Periodic Assessment for the period 1984-1988

As early as 1987 the Helsinki Commission asked for the Second Periodic
Assessment which nominally should cover the period 1985 to 1990. The "Ad
hoc Group of Experts for the Preparation of the Second Periodic
Assessment" (GESPA), was established by the governments of the seven
countries bordering the Baltic. The terms of reference were similar to
those of the "Ad hoc Group of Experts on Assessment of the State of the
Marine Environment of the Baltic Sea™ (GEA). The sequence of chapters is
different. The responsibility for sub-chapters is again on individual
scientists.

The Group of Experts for the Second Periodic Assessment was established
in 1987. GESPA 1 meeting was held in Kiel, 25-28 August 1987, followed
by a meeting of conveners and co-conveners on board of "Georg Ots"™ and
in Helsinki, 13-14 June 1988. GESPA 2 meeting was held again in Kiel, 6-
9 September 1988, and GESPA 3 in Tallinn, 3-6 May 1989. Finally, there
was a meeting of conveners and co-conveners 29-31 March 1990 and GESPA
4 meeting 2-5 April 1990 in sopot for drafting the final reports.
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5. Executive Summary of the General Conclusions of the Second
Periodic Assessment (from Baltic Sea Environment Proceedings No.
35A)

The present assessment of the Baltic Sea Area concerning primarily the
years 1984-1988 deals mainly with observations nade in the open Baltic
Sea and, consequently, the statements do not reflect findings in coasta
areas, which will be assessed separately. |In addition, a specific
assessment on the state of Baltic sedinments is in the final stage of
preparation under the International Council for the Exploration of the
Sea (I CES), which also prepares assessnments on the state of Baltic seals
on a regul ar basis. Furthernore, the document only occasionally covers
information on the health of fish, birds and narine manmals.

Due to the ban in the use of some harnful substances, positive changes
wer e observed; DDT and PCB concentrations in biota have decreased since
the 1970s and are now on a |ower and steady |evel, although conparable
data on herring indicate that the levels are still higher in the Baltic
than in the Skagerrak area. After the ban on technical hexachlorocyclo-
hexane (HCH), the decrease of a-HCH concentrations in water is stil
continuing. Concentrations of organochlorine residues in fish fromthe
Baltic Proper are still 3 to 10 times higher than in fish fromaround the
Shetland |slands. Anong the "new contam nants", there has been an
i ncreasi ng nunber of organic substances identified which are potentially
harnful to the environment.

Trace el ement concentrations in fish and shellfish have not changed
remarkably since the early 1980s. Generally, it can be stated that
mercury concentrations in biota do not significantly differ now from
those in the North Se;. and the North-East Atlantic. Conpared with actua
background |evels, elevated nmercury concentrations were only found in the
Sound and in the southern Bothnian Sea. For the latter area, however, a
consi derabl e decrease of the concentrations could be identified during
recent years

A still upward trend of cadm um concentrations was observed in fish from
the northern part of the Bothnian Bay. The reason for this is not fully
understood. Oher elements, such as zinc and copper, showed sinilar
trends.

Fish and shellfish from sampling locations in the Kattegat and the Belt
Sea showed tendencies for decreasing |ead concentrations. It is possible
that this is already an effect of the increased use of unleaded gasoline.

Met eor ol ogi cal conditions during the period 1984-1988 are characterised
as variable: three unusually cold winters (1984/85 to 1986/87) Wi th heavy
ice conditions followed by two warm ones. The river runoff to the Baltic
Sea was, in general, higher than the long-term mean, except the years
1985 and 1986

Salinity continued to decrease mainly due to lack of najor inflows of
highly saline water fromthe North Sea during the last 13 years. Further-
more, tenperature and density have decreased in the deeper layers of the
Baltic Proper. The current stagnation period in the Eastern Gotland Basin
is regarded as one of the longest and nost serious stagnation intervals
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recorded during this century. This has caused the nost extreme changes
in the deep layers that have been observed since the beginning of
oceanographi c observations in the Baltic Sea

The area with insufficient oxygen conditions for nacrofauna (about 70 000
km® Wi th less than 2ml/1 oxygen in bottom water) has fluctuated in extent

fromyear to year, but has not increased for 25 years in the Centra

Baltic Sea and the Gulf of Finland. However, due to the |ong stagnation
period, the oxygen concentrations in the deeps of the Baltic Sea have
continuously decreased and hydrogen sul phide concentrations in the
deepest areas of the Eastern Gotland Basin are now the highest ever
measured. Due to decreasing salinity and consequent |owering of the
hal ocline associated with increased vertical exchange, oxygen has
penetrated nore deeply into the intermediate |ayers, at about 90-100 m
in some areas, and has inproved life conditions at the sea floor in this
depth range.

In many areas of the Baltic Sea, the strong increase of phosphorus and
nitrogen concentrations, which was observed in the 19708, has stopped,

with the exception of the Kattegat and the Gulf of Riga. Phosphorus and
nitrogen concentrations, although no longer increasing in all parts of
the Baltic Sea area since 1978, have recently been at such a high leve

that the increasing biological production and its subsequent sedinen-
tation, followed by the mcrobial destruction of the biogenic organic
material, cause further deterioration of the oxygen conditions in Baltic
deep water. The high phosphate accunulation rates identified in the near-
bottom water |ayers of the Central Baltic deeps since 1977 mainly result
from phosphate rempbilisation fromthe sediments due to the increasing
hydrogen sul phide concentrations. Silicate concentrations have recently
been decreasing, on average, in the surface |ayer of the Baltic Sea area.

Unusual al gal bl oonms appear to occur nore frequently in the Kattegat and
the Belt Sea. There is evidence that phytoplankton primary production has
doubl ed within the last 25 years in the area fromthe Kattegat to the
Baltic Proper, with a sinmilar doubling of phytoplankton bionass and its
subsequent sedimentation. In the 1980s phytoplankton was at a high |evel
fluctuating fromyear to year according to the weather. The deconposition
in the benthic system decreases oxygen levels in bottom waters. Conse-
quently, |ow oxygen concentrations during late sumrer and autumm have
often been observed in the southern Kattegat, the Belt Sea, the 6resund
and the Arkona Sea in the eighties.

The increased frequency of poor oxygen conditions in the deep water has
had a serious inmpact on the zoobenthos in the area fromthe southern
Kattegat to the Arkona Basin, and on demersal fish and Norway |obster,
pushing northwards into the Kattegat the southern boundary for comercia
fishery of Norway |obster.

6. Events 1984-1988

In the period from 1984 to 1988 new nethods were devel oped and
introduced. For exanple the analysis of individual PCB congeners was
devel oped, which neans that previous PCB data are outdated. In the period
from 1984 to 1988 new gaps of know edge becane evident, for exanple
regarding the effects of nanogram per liter concentrations of tributyl-
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tin or the effects of chlorinated dioxins and furans in the picogram per
liter range. For the first time, iIn the Kattegat the mass decease of
common seals and an early summer bloom of the toxic alga Chrysochromulina
polylepis were observed.

Governments of the Baltic Sea states have agreed to reduce inputs of
pollutants by 50 %, by 1995, as stated in the Ministerial Declaration of
the year 1988 (Baltic Marine Environment Protection Commission 1988 b).

7. Concluding remarks

In the 1970s, the salinity, and the concentrations of phosphorus and
nitrogen of the Baltic Sea surface water continued to increase. There is
evidence that also phytoplankton biomass and productivity increased
during that period. Episodic inflows of high salinity water from the
Kattegat renewed the oxygen content in the bottom water in the Baltic
deeps. Several times macrofauna recolonisation took place in many of the
deep areas. DDT-concentrations and mercury concentrations in fish and
birds started to decrease as a consequence of reducing measures. At that
time there was a lot to report, some news positive, others negative, for
example that the Baltic Sea became increasingly anoxic in the deep. The
exciting headline for this period of the 1970s could have been: there
is iIncreasing eutrophication due to the anthropogenic inputs of organic
matter and nutrients.

During the period of the Second Periodic Assessment, 1984-1988, the
changes were less marked. Since 197711978 salinity has been gradually
decreasing because there have been no major inflows of high salinity
water from the Kattegat. Consequently, since 10 years there has been no
oxygen in the Gotland Deep. The exciting headline for the Second Periodic
Assessment could be: the situation 1in the Baltic remained rather
unchanged, except salinity, 1in spite of the fact that the monitoring
period 1984 to 1988 was no average: three winters were abnormally cold,
and two abnormally warm.

In the 1980s nutrient concentrations were at a high level and caused the
phytoplankton to flourish, but nutrient concentrations did not further
increase. This is not a proof that anthropogenic inputs did not further
increase but only a signal that hydrographic conditions play an important
role. 1t is open for speculations what will happen with eutrophication
when major salt water inflows occur in the near future. As regards river
transported heavy metals and organic contaminants, a higher fresh water
proportion in the water of the Baltic Sea means higher concentrations
compared to a situation when water in the Baltic Sea has higher salinity.

In a complicated way anthropogenic inputs and hydrographical processes
work together resulting in the actual concentrations of plant nutrients
and toxic substances.
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Appendix: The sequence of sub-regions in the presentation of the Second
Periodic Assessment

The sequence of the Baltic Sea sub-regions followed in the Second
Periodic Assessment is the same as iIn the First Periodic Assessment,
starting with the Kattegat and ending up in the Gulf of Bothnia. In 1988
the Helsinki Commission developed an opposite sequence Tfollowing the way
of freshwater from the Gulfs to the Skagerrak, and introduced a new
coding of the monitoring stations. The new arrangement is part of the
Guidelines for the Baltic Monitoring Programme for the period 1989-1994
(Baltic Marine Environment Protection Commission 1988 a). In Table 4 the
old and the new classifications are compared, for better understanding
of the contents of the Second Periodic Assessment, which has to assess
the past (and therefore makes use of the old coding of stations) but is
also meant as a guide for the future. The location of the stations (with
old and new codes) is depicted in Figs. 3-6. In Fig. 1 the new sub-
regions of the Baltic Sea area are given, while Fig. 7 presents the
traditional sub-regions with the names used in the Second Periodic
Assessment.

Table 4. Baltic Sea sub-regions and monitoring stations with codes
as used in the Second Periodic Assessment. New codes in
brackets. After Baltic Marine Environment Protection
Commission (1988).

A. The Transition Area

Kat t egat Bay of Gdansk
G 4 76-80m (= R 7 P1 110m (= L 1)
Fl aden 75-78m (= R 6 Central Baltic Proper
403 42-44m | = R 5) Eastern Gotland Basin
409 13-15m (= R 4j BCS 111 10 88-91m (= K 13
413 53-57m (= R 3{, new station 47Tm (= J 2
921 23-25m (= R 2} BY 15 220-249m (= J 1)
925 41-45m (= R 1) Western Gotland Basin
Sound BY 38 106-109m (= | 1)
431 48-51m E= Q 2; Northern Baltic Proper
31 s 17-18m (= Q1 BY 31 420-450m (= H 3)
G eat Belt BY 28 160-170m (= H 23
(no stations in Little Belt) LL 12 81-84m (= H 1
935 46-50m (= P 2)
939 36-40m (= P ] C. The @ulfs
Ki el Bay Qlf of Finland
(including Fehnarnbelt) (no stations in Qulf of Riga)
450 29-34m (= N 4 LL 11 66-69m (= F 5)
Ki el er Bucht 18m (= N 3 LL 11a 59m |= F 4y
Siiderfahrt 22m (= N 2 LL 7 80-100m (= F 3
952 (Fehmarnbelt) 25-29m (= N 1 LL 4a 58-64m (= F 25
Bay of Meckl enburg LL 3a ) 64-66m (= F |]
Mecklenburger Bucht 23-27m (= M 2 Qulf of Bothnia
954 22-24m (= M 1 Aland Sea .
(no stations in Archipelago Sea)
B. The Baltic Proper F 64 280-293m (= D 1)
Sout hern Bal tic Proper Bot hni an Sea
Arkona Basin SR 5 119-125m (= C 4)
GDR 30 21m (= K 8 B VI 49-57m (= C 3)
BY 1 44-46m (= K 7 US 6b 77-83m (= C 2)
441 23-25m (= K 61 US 5b 208-220m (= C 1)
GDR 113 48m (= K 5j Bot hni an Bay
BY 2 46-48m (= K 4) (no stations in Quark)
P 38 (= K 3 Bo 3 103-108m éz A3
Bor nhol m Basi n c Vi 68-72m (= A 2
BY 5 87-93m (= K 2) F2 85-91m (= A 1
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ABSTRACT
In this chapter the meteorological and hydrological conditions during the

period 1984-1988 are described and their Ilong-term variations are
discussed.
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The meteorol ogi cal conditions during the assessnent period can be
characterized as variable. There have been three very cold and weak-
wind winters (198471985 - 1986/1987) with heavy ice conditions followed
by two warm and windy winters. At the beginning of the assessnent period
the summer seasons were rather cool , poor in radiation and weak in wi nds,
but the summers of 1988 and 1989 were warm and cal m

The fresh water run-off to the Baltic Sea was higher than the |ong-term
mean; only in 1985 and 1986 the run-off was close to that mean.

The nost inportant phenonmenon in the hydrography of the Baltic Sea during
1984- 1988 was the continuing decrease in salinity in nearly all regions
and layers. This process is mainly caused by the lack of najor inflows
of highly saline water during the last 13 years. The small inflows in
spring 1986 and fall 1988 have had only effects on salinity and
tenperature in the deep layers of the Arkona, Bornholm and Cdaiisk Basins

Tenperature and density in the deeper |ayers of the Eastern Gotland Basin
have al so been decreased considerably and the halocline and isohaline
dept hs have been noticeably descending. Depending on dimnution of
vertical density gradients the vertical mxing processes between the
different layers have been enlarged

The current stagnation period, at least in the Eastern cGotland Basin,
must be regarded as one of the |argest and nobst serious stagnation
intervals ever recorded during this century and this has caused such
extrenme changes in the deep layers that never have been observed since
the start of oceanographical observations in the Baltic Sea

1.1 METEOROLOG CAL, | CE AND WATER EXCHANGE CONDITIONS
J. Laum’.ai.nen8 and T. Vihma

1.1.1 Weather and ice conditions

As experienced, the 1980s have been a time of considerable variations in
weather. This has been found in air and water tenperatures as well as in
sunny or cool sunmers, in wintertime ice and wind conditions, in wet and
dry periods etc. In the follow ng, some of these features are considered
in nore detail in the light of nonthly anomalies froma coupl e of
representative stations in the Baltic Sea area

From nmonthly air tenperature anomalies, given in Fig. la for Bornholm and
Russard (an island off Hanko), we can find a general decrease in air

tenmperatures from 1982 to the end of 1987. Especially during 1985-1987
the nmean air tenperature anomaly was negative when conmpared with the
normal 1931-1960 period. The cold winters of 198111982, 198471985 and
especially the one of 198671987 are distinctly seen. On the contrary, the
W nters of 1982/1983, 1987/1988 and especially the 198811989 (and
1989/1990) were warm Quite generally, the period from 1987 up to now
(1990) has been rather exceptional. The air tenperature variations above
(Fig. la) were seen to be reflected in sea water tenperatures as well,

as revealed in various areal sub-reports in this chapter.
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From Figure |b, which gives the global radiation anomaly for Bromm
(Stockholm, it is interesting to note that during this decade there was
a decreasing trend in solar radiation, up to the very sunny summers of
1988 and 1989. Especially during the summers from 1984 to 1987 the
radi ation anomaly was negative.

The wi nd speed anomaly in Figure |c shows that after the positive
anonalies of the windy period of 1982-1983, the nmiddle of the 1980s was
time of negative anomaly, i.e. tine of light winds, up to the w ndy
seasons of 1987 and 1988.

The ice conditions for the winters covering the |last decade nay be
summari zed as given in Table 1 bel ow

Table 1. Ice conditions for the winters 197811979 to 1989/1990. Max
cover age [kmz] gi ves the annual nmaxi num area covered by
ice, given as percentage of the total Baltic Sea area in
the next columm. "category" characterizes the severeness
of the winters, mainly as referred to the _|ong-period nean
annual maximumice coverage (of 193 000 xm? for the winters

1890-1989) .
winter max coverage / km? % ofBal tic Sea area “category”
1978/79 325 000 78 quite severe
1973/80 260 000 63 quite normal
1980/81 175 000 42 normal
1981/82 255 000 61 normal
1982/83 117 000 28 quite mild
1983/84 187 000 45 normal
1984/85 355 000 86 severe
1985/86 337 000 81 severe
1986/87 405 000 98 extr. severe
1987/88 149 000 36 mild
1988/89 52 000 13 } extr. mild excl. the
1989/90 67 000 16 northermost parts of

the Gulf of Bothnia

As a summary, we may see that during the 1980s there has been three very
cold and calm winters bet ween 198411985 and 198611987 with heavy ice
conditions and three warm and wi ndy winters of 1987/1988, 198811989 and
198971990 (cf. Fig. 5 also). As to the sunmer weather, the sumers in the
m ddl e of the decade were rather cool, radiation poor and also calm
Additionally, during the last three years (1987-1989) the variations in
temperature, global radiation as well as in w nd have been very
promnent. In this respect, one should note, e.g. that the very w ndy
(sedinentous materia renobilising) autum and wi nter of 198711988 were
followed by a calm radiation-rich and warm sumrer of 1988; a set of
physi cal events favouring extraordinary bloons and unpl easant biol ogical
and environmental events happened in the sea during 1988.
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1.1.2 Fresh water run-off and water exchange

Table 2 gives the estinates of the yearly total fresh water run-off into
the Baltic Sea since 1971, and the graph of the long-term time series of
the run-off is given in Figure 2. The recent estimates since 1971 are
regression estimtes using weighted yearly means of two Finnish rivers
di scharging into the Baltic Sea. The method is described in nore detail
in the First Periodic Assessnent (Launiainen et al. 1987).

As suggested by the data, the fresh water run-off (surplus) seens to have
been rather large during all the 1980s. Only during the cool years of
1985 and 1986 the run-off was close to the long-period average but after
1980 none of the years has been a "dry" one. By nutual conparison of the
various decades in Fig. 2 the "wetness" of the 1980s is apparent, as
wel | .

For estimating the sea water exchange and the npbst prom nent occasions
of inflow and outflow, between the Baltic Sea and the North Sea, volune
changes (sea level) of the Baltic Sea were studied, following the
approach given in the First Periodic Assessnment (Launiainen et.al.,
1987). Accordingly, the volune change estimates were calculated by a
sinple nethod suggested by Jacobsen (1980), using the filtered daily sea
level data from Degerby, Finland (obtained from the Finnish Inst. of Mar.
Res., Helsinki). The nmethod seens to yield rather accurate first order
estimates for the volume variations, on the basis of which the sea water
exchange may be estimated, using the equation of

dv/dt = Qo +Q

where dv/dt is a change in the volume (sea level), and Q, is the fresh
water surplus, and Q is the net sea-water exchange.

Figure 3 gives the Baltic Sea volune variations during 1980-1988 and
suggests the situations of the npbst promnent potential inflows and
outflows. Fig. 3 also lists the rates of the accunulated yearly sea water
exchange (Q. Those have been cal cul ated according to the equation above,
for the yearly fresh water surplus using an approximation of 9, ~ Q,,
where Qun is the total fresh water run-off from Table 2. This latter
approxi mati on includes the comon assunption that precipitation and
evaporation above the Baltic Sea bal ance each other.

The results in Figure 3 show, e.g. that the volune variations of the
Baltic Sea were somewhat nore pronounced during the first years of the
1980s than during the last few years since 1985. A similar tendency may
al so be found in the sea water exchange. Accordingly, the time history
since 1985 suggests less promnent inflows and outflows, conpared with
the late 1970s and the first years of this decade. This seenms to be the
case, e.g. even for the autum and w nter 198711988, no matter how w ndy
it was. On the other hand, nost of the inflows in the beginning and
m ddl e of the 1980s, identified by the increased deep water salinities
in the Bornholm Basin (section 1.232 in this chapter), coincide with the
potential inflow situations suggested in Figure 3.



Table 2.
1971
QBT 14230
1981
Qsr 17560
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Estimated total fresh water run-off Qpr (in m3/s) into the
Baltic Sea. Annual means during 1971-1988. M,;_ 54 and
SD,,.79 a@re the observed mean and standard deviation of
1921-1970 (Mikulski, 1980). The estimates given by the
formula Qpep = 5.36 * (1.6 .QV + QK) + 7145, where QV and
QK are the yearly mean discharges of Vuoksi and Kemijoki,
respectively. Qv and QK data from the Hydrol. Office, Nat.
Board of Waters and Env., Finland.

1972 1973 1974 1975 1976 1977 1978 1979 1980
13900 14370 15520 16960 13550 14750 13670 13690 14030

1982 1983 1984 1985 1986 1987 1988 Mai_70 SDyi_ng
17270 16280 16400 15160 14920 1g440 16840 15005 1790

10 |-
lllllllll'llllllLlllllIllllllllLllIlIIllllllllllI_lllllllllllllllllllI—
1920 1930 1940 1950 1960 1970 1980 1990
Figure 2. Total fresh water run-off into the Baltic Sea. Annual

means. Data for 1921 to 1970 (observed) Trom Mikulski
(1980), and onwards 1971 as estimates from Table 2. The
dashed line represents 5 year floating averages.
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v, [km3] 1 hieml

Q=850
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Water level (h) and volume (V. =V -V, ) variations of
the Baltic Sea during 1980-1988, based 'on daily mean sea
level data. The arrows indicate the most probable inflow
and outflow situations, between the Baltic Sea and the
North Sea. Q gives the yearly accumulated sea water
exchange (yearly net inflow ~ yearly net outflow).
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As a conclusion, we may see that the fresh water surplus (run-off) has
been rather large during all the 1980s. |In the surface |layers of the
Baltic Sea this means in a way a larger surface water exchange, as well.
Acconpanied with a decrease in the sea water exchange, on the other hand,
the fresh water surplus is supposed to have been the cause of a
decreasing trend of the salt balance of the whole Baltic Sea.
Additionally, only minor inflows of salt-rich North Sea water have
occasioned during the latest years (Fig. 3). From the inportant point of
view of a renewal of bottom waters in the deep basins of the Baltic Sea,
this is supposed to be the main reason that no such a renewal has
happened and the stagnation period of the deepest bottom waters has
|asted over 13 years, so far. This is the case although proper physical
conditions for a renewal have prevailed in the deep basins for over
several years (cf. Baltic Mrine Environment Protection Comi ssion,
1987), owing to the very low density of bottom waters.

1.1.3 Long-term changes

Various long-term features of the Baltic Sea hydrography and clinatol ogy
were discussed in the First Periodic Assessnment. dinatological air-sea
tenperature coupling, long-termvariations in sea |evel changes, long-
term decline in annual ice covered season, and correl ation between the
fresh water run-off and Baltic Sea salinity were considered. For this
context, three figures were adopted, the nonitoring period data added.
Figures 4 and 6 indicate the close clinmatol ogical air-sea tenperature
coupling and the long-term variation in annual ice covered season, and
the rough test exanples in Figure 7 suggest an interesting correlation
between the estinated fresh water run-off and the Baltic Sea salinity.
For further interpretation and discussion, see the First Periodic
Assessnent (Launiainen et al. 1987). Additionally, the long-term
variations in the yearly maximum ice coverage of the Baltic Sea are shown
in Fig. 5.

Presently, the expected change in global clinmate has gained increasing
daily attention. A prognosis for a global greenhouse warmng up has
rel evant physical argunents, and various estimates, e.qg. for nean
| atitudi nal tenperature increase, have been done. In global scale, the
climate especially during the 1980s has been seen as a sign of this
warmng up. In this meaning, it is interesting to consider the case, if
not otherwise but on the l|ocal basis.

The air tenperature during the 1980s does not indicate any increase up
to 1988 (Fig. la); merely the case is an opposite one, during which the
global radiation (Fig. Ib) shows a decreasing trend, as well. This kind
of a recent decreasing trend in the air tenperature was also found in an
extensive data set over Sweden (Al exandersson and Eriksson, 1989).
However, when conparing e.g. the 1972-1988 air tenperature anonaly wth
the "normal" 1931-1960 period, both the Bornholm and Russard data showed
the latter period, especially the sumrer seasons to have been cool er than
the normal period. Because of a close air-sea coupling (cf. Fig. 4) the
above is valid, nost probably, for the water tenperature also. On the
other hand, in the light of the annual maximum ice cover, the late 1970s
and 1980s (up to 1988) have been tinme of noderate or severe ice winters
(Fig. 5 and Table 1).
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Long-term variations of the deep water (200m) salinity in
the Gotland Deep (BY 15 = BMP 11) in comparison with the
estimated fresh water run-off to the Baltic Sea. For the
best fit, the time axis of the low pass Tiltered (15-year
running average) run-off have been shifted forward 6 years.
Redrawn from Launiainen et al. 1987 adding the monitoring
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Long-term variations of the surface salinity at Anholt (5-
year running averages from Malmberg and Svansson, 1982)
in comparison with the estimated total run-off to the
Baltic Sea (S-year running averages from Launiainen, 1985).



32

The river run-off into the Baltic Sea turned out to have been rather
large during the 1980s. Physically, this is coherent e.g. with the data
given by Al exandersson and Eri ksson (1989) according to which the
precipitation in Sweden during the 1980s seens to have been |arger than
during a couple of the previous decades.

Summarizing, froma local point of view, it seems that one cannot detect
any reliable sign of excess warning up fromthe tinme series of nean
temperatures of the Baltic Sea area, not at |east until 1988. In 1988-
1990, on the contrary, very warm sumrers and mld winters prevailed. One
can hardly see, however, whether the recent prominent variations in
tenperatures and other neteorological and hydrographic quantities revea

signs of a global climatic change or not.

1.1.4 Long-term changes 1in transparency

The changes in transparency according to Secchi depths as an integra
parameter for the conditions in the surface layer in the Baltic Sea were
studied in sone papers during the last two years.

Launiainen et al. (1989) conpared the transparency observations in the
Northern Baltic Sea made during 1914-1939 with those of the last two
decades of 1969-1986, taking into account the methodical differences. The
following conclusions were nade (cf. Fig. 8):

The present Secchi depth (transparency) shows pronounced
decrease (2.5 to 3m, generally) conpared with that during the
first half of the century.

The distribution of the Secchi depths has become more narrow,
so that large Secchi depths (> 14m) are very seldom, if any.

% 30

25

20 -

10|

16 18 20

[m]

Figure 8. Frequency distribution of Secchi depth (in n) in the
Northern Baltic Sea (in %) for the period of 1914-1939
(broken) and for the period of 1969-1986 (continuous |ine)
From Launi ai nen et al. (1989).



33

Analogously, 1in a reference area on the Swedish coast of the Baltic
Proper, not influenced by point pollution sources, the Secchi depth was
found to have been decreased by 4m since 1965 (Persson, 1990; Cederwall
and Elmgren, 1990).

1.2 HYDROGRAPHICAL CONDITIONS

1.2.1 The Kattegat
S. Carlberg

The hydrographical development in the Kattegat is demonstrated with data
from the representative station Anholt E (413 = BMP R3).

The overall picture for the Kattegat is the traditional one with high
variability in temperature and salinity.

The temperature shows a clear and strong variation in an annual cycle not
only at the surface but also at 30 m and in the bottom layer (see Figures
9-10). The unusually cold winters of 198411985 and 1986/1987, see Figure
6, are certainly reflected as minima at 30 m and below, but the observed
minima are not significantly different from other years. The winter of
1981/1982, e.g., was cold but not that cold as 1984/1985 but seemed to
have produced a lower minimum. It is interesting to note that when the
winter is mild, e.g. 198271983 and 1983/1984, the temperature minima in
the intermediate and bottom waters seem to appear earlier in the winter
as compared to the effects of the cold winters.

Concerning salinity, however, the variability largely follows an annual
cycle, both at the surface and in the deeper layers (Figures 11-13). The
inflows of higher saline water that occurred to the Baltic Proper at the
turn of 1982-1983, in the spring of 1986 and in September 1988, can be
correlated to annual increases of salinity in the Kattegat surface and
bottom waters as shown in Figures 11-13. 1t is important to note,
however, that these increases do occur every autumn or winter but they
do not automatically cause an inflow of water to the Baltic. When an
inflow does occur the Kattegat salinity may be rather high in the surface
as in 1982/1983 (Figure 11) but not necessarily as in 1985/1986 (same
Figure) and in the deeper waters these events are not significantly
different from other years (Figures 12-13). The various effects of these
inflows are described in the following sub-chapters.

The changes of temperature and salinity are summarized in Table 3.
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Table 3. Characteristic changes of tenperature and salinity in the
Kattegat (Station Anholt E = 413 = BMP R3).
Par anet er Peri od Dept h Overal | Annual
trend changes
S 1981- 1988 28-32m +0.84 PSU +0.11 PSU/a *
S 1981-1988 48m-bottom +0.50 PSU +0.06 PSU/a
T 1981-1988 28-32m +1.48 °C +0.19 °cC/a
T 1981-1988 48m-bottom +1.00 °cC +0.13 °cCc/a
* PSU = Practical Salinity Unit = ©/oo
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1.2.2 The Belt_Sea
W. Lange

To recognize any possible trend between 1950 and 1983 the annual means
of the temperature and salinity measured at 1/v Fehmarnbelt near surface,
at 5 m depth, 20 m depth and near bottom are shown in Figures 14 and 15.
But these time series do not come up to the time of the assessment
period, because of great gaps in data after 1983. Therefore, the results
may be only of general interest. In Figure 16 the annual vector means of
the inflow and outflow observations at the surface of 1/v Fehmarnbelt are
shown covering the period 1950-1983.

More detailed information on the salinity stratification at |/v
Fehmarnbelt between 1975 and 1983 is given by Weigelt (1987).

10. 00 S’ 11.00

51 55 59 63 67 71 14 79 1983

Figure 14. Annual means of the water temperature (°C) measured daily
from 1950 until 1983 at 1lv Fehmarnbelt (BMP N1) near
surface, at 5 m depth, 20 m depth, and near bottom.
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Annual nmeans of the salinity (°/oo) neasured daily from
1950 until 1983 at 1lv Fehmarnbelt (BMP N1) near surface,
at 5 m depth, 20 m depth, and near bottom
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Annual vector neans of surface current speed (cm's) into
(continuous line) and out of (broken line) the Baltic Sea
neasured at 1lv Fehnarnbelt (BMP N1) near surface from 1950
until 1983 once every 4 hours.
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1.2.3 The Baltic Proper

During the period under review, inflows of higher saline water occurred
at the turn of 1982-1983, in the spring of 1986 and in Septenber 1988.
The various effects of these inflows are described bel ow

1.2.3.1 Arkona Basin
W. Matthdaus® and S Carlbez:g4

The variations in the Arkona Basin are denonstrated with data fromthe
representative station BY 2 (BVMP K4). The general picture shows a high
variability in salinity as well as tenperature.

The temperature of the surface |ayer shows natural seasonal variations
which are also present in the near bottom water where the effect of
advective processes is superinposed on these variations. The variability
is very high and there is no general trend in the tenperatures. The
winters of 198411985 to 198671987 were unusually cold in the entire area
and this is clearly reflected even in the bottom |ayer where the
tenperatures reached alnbst 0°C during certain periods.

The inflow that occurred at the turn of 198211983 increased the surface
salinity by about 2 PSU see Figure 17. After that the surface salinity
decreases as a general trend. The mean decrease is about 1 PSU for the
period and by the end of 1988 the mean is roughly the sane as before the
inflow. Superinposed on the general trend is the seasonal variation wth
winter periods with increased salinity. See also Table 4.

The near bottom water is domnated by a very high variability, see Figure
18. Despite the fact that nore observations were available for the
assessment period than for previous years, there is no evident trend in
the salinity.

Table 4. Characteristic changes of tenperature T and salinity S in

the Arkona (BY 2 = BWMP K4) and Bornholm Basins (BY 5 = BW

K2).
Area Para-  Period Dept h Overal l Annual

met er trend changes
Arkona Basin S Nov 1982-1988 0- 2m -0.8 PSU -0.13 psvu/a
Bor nhol m Basi n S Jan 1983-1988 0- 2m -0.8 PSU -0.13 psu/a
Bor nhol m Basin S Jan 1983-1988 78-82m -2.5 PSU -0.42 psu/a
Bor nhol m Basin T May 1980-Dec 1983 78-82m +3.3 °C +0.93 °C/a
Bor nhol m Basi n T Dec 1983-Jul 1986 78-82m -4.2 °c -1.58 <c/a

Bor nhol m Basin T May 1986- 1988 78-82m +2.0 °C +0.79 °C/a
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1.2.3.2 Bornholm Basin
W. Matthius? and S. Carlberg‘zk

The variations in the Bornholm Basin are demonstrated with data from the
representative station BY 5 (BMP K2).

The effect of the unusually cold winters referred to above are clearly
seen also in the surface water of the Bornholm Basin. As an example, in
March 1985, 1986 and 1987 the temperatures were below 0°C from the
surface down to 30-50 m (Nehring and Francke 1987 a, b). This negative
anomaly was conserved in the intermediate water until the autumn. The
very cold winter and the rather cold and rainy summer of 1987 kept the
temperature of the surface layer below what is normal (Carlberg et al.
1988).

Concerning the deep water a clear change took place. After a period of
mainly increasing temperature by about 6 °c in 1980-1983, the temperature
decreased rapidly by about 5 °c in 1984-1986, see Figure 19 and Table 4.
After that the effect of the inflow of relatively warm water in 1986 and
1988 can clearly be seen, which caused a mean significant increase of
2 oc.
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Figure 19. Temperature variation in 78-82 m water depth in the

Bornholm Deep (BY 5 = BMP K2).
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The inflow of 198211983 is clearly seen in the salinity of the surface
water. At BY 5 (BWMP K2) the increase was about 1 PSU, see Fig. 20. After
that the surface salinity decreases as a general trend. The decrease was
strongest in the period 1983-1985, followed by a noderate decrease for
the rest of the assessnent period. One exception was late in 1983, when
the salinity for a short period increased by about 0.5 PSU, which is
larger than the nean annual variation of 0.2 PSU (Matthius 1978). This
increase cannot be explained by identified inflows to the Baltic.

The inflow of 198211983 caused an increase of alnmost 4 PSU in the deep
water as is clearly denonstrated in Fig. 21. From 1983 to 1988 the trend
is then decreasing in general. One exception was caused by the inflow of
1986, which caused a sharp increase of the salinity by alnost 2 PSU, but
only for a short period.

1.2.3.3 Eastern Gotland Basin, Gdaiisk Deep and the eastern area of the
Northern Baltic Proper
W. Matthéusz, J. Elken® and B Cyberska5

The variations in the Eastern Gotland Basin are denonstrated with data
of the representative station Gotland Deep BY 15 (BMP 11) and supported
by data fromthe stations P 1 (BWP L1; Gdansk Deep) and BY 28 (BMP H2;
Northern Baltic Proper).

Table 5. Characteristic changes in the Gotland Deep (BY 15 = BMP 11)
during the period 1977-1988 (after Matthius 1990)

Par anet er Dept h Overall trend Annual changes
Salinity Om -0.5 psu -0.04 psu/a

100 m -1.7 psu -0.15 psvu/a

200 m -1.1 psu -0.09 psu/a
Tenperature 100 m -1.6 °c -0.14 °c/a

200 m -1.4 °c -0.12 °c/a
In situ density 100 m -1.3 u-units -0.11 u-units/a

200 m -0.7 u-units -0.06 a-units/a
Depth of isohaline 8 PSU -20.2 m -1.7 ma

10 psvu -28.7 m -2.5 ma

12 psul) -95.9 m -8.8 na
Dept h of hal ocline -9.6 m -0.8 ma

1)y 1977 - Jan 1988
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The three severe winters 198411985 - 198611987 caused partly considerable
negative temperature anomalies between -0.5 °C and more than -1 °C in the
surface water of the Eastern Gotland Basin. The negative anomalies were
conserved in the intermediate water layer until autumn (-1 °C to -3 °cC,
cf. Nehring and Francke 1987a, b, 1988). Because of the absence of major
Baltic inflows the surface salinity, on average, decreased by -0.5 PSU
(cf. Table 5). The inflows of higher saline water between November 1982
and January 1983, in spring 1986 and in fall 1988 had hardly effects on
the surface salinity (cf. Figs. 23 and 24).

1990

°C 100m °C 200m
6
5
4~
|llll]llll|lllﬂ |IIII]IIII|IIII]
1980 1990 1980 1990
Figure 22. Variations of temperature in the Gotland Deep (BY 15 = BMP
J1) during 1977-1989 at 100 and 200 m depth.
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Figure 23. Variations of salinity in the Gotland Deep (BY 15 = BMP Jl)

during 1977-1989 at the surface and at 100 and 200 mdepth.
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The stagnation period in the Eastern Gotland Basin deep water, starting
after major inflows at the turn of 1975/1976 and during late 1976, has
continued since more than 13 years. The inflows 1982/1983, 1986 and 1988
had only minor effects on the conditions in the deep water.

Clear indications of the inflowing water bodies are only in the Gdaiisk
Basin (cf. Figs. 24-25). There is, however, a distinct mean decrease in
salinity and temperature of the deep water in the Gdaiisk Basin (cf. Table

6).

The inflowing water passed the Eastern Gotland Basin immediately below
the halocline in the layer between 80 and 125 m(cf. Figs. 22-23).

Salinity 0-10 m 14 Salinity 100-108 m

1960 70 80 90 1960 70 80 90
a b
Figure 24. Long-term variations in salinity (PSU) of the Gdafisk Deep

waters (Station P 1 = BMP L1).
a. surface (0-10 m)

b. bottom water (100-108 m)
°c Temperature 100 - 108 m
8l
1 ! 1 ] ]
1960 1970 1980 1990
Figure 25. Long-term variations of the water temperature (°C) in the

bottom water (100-108 m) iIn the Gdansk Deep (Station P 1
= BMP L1).
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Tabl e 6. Characteristic changes in the Cdaiisk Deep (Station P1 = BMW
L1) during the period 1978-1988.

Par anmet er Dept h Overal | Annual
trend changes
Salinity 0- 10 m -0.5 PSU -0.05 PsU/a
80 m -2.4 PSU -0.21 PsU/a
100-108 m -1.7 PSU -0.15 PSU/a
Tenperature 80 m -1.6 °C -0.14 °c/a
100-108m -0.9 °c -0.08 °c/a

During the stagnation period a decrease of salinity, tenperature and
density in the deep water of the Gotland Deep and a consi derable shift
in the isohalines and the halocline centre to greater depths occurred
(cf. Figs. 22-23 and Table 5). The period started with the highest
tenperatures ever neasured in the deep water (e.g. 7.1 °C in 200 m | evel
of the Gotland Deep, BY 15 = BMP 11). The salinity and density val ues
observed in the end of 1988 - 11.6 PSU and 10.2 u-units, respectively -
were anong the |owest neasured since the 1930s at the 200 m |evel
(Matthdus 1987). Wth reference to the depth of the halocline centre and
the isohalines, the shallowest depths ever observed were found at the
begi nning of the stagnation period. The alnbst continuous shifting of the
10- and 11-PSU-isohalines down to nmore than 100 m and 140 m
respectively, finished at the greatest depths observed since the
beginning of the century. Since January 1988, the salinity of the deep
water has been permanently smaller than 12 PSU

Consi derabl e changes of the water mass structure in the halocline and the
deep layers occurred by T-S relations in winter/spring of 1979/1980 (the
Gotland Deep, station BY 15 = BMP J1, Fig. 26) and in sunmer/autumm of
1985 (the whol e Eastern Gotland Basin, stations BY 15 (BMP J1) and BY
28 (BMP H2)). Then the water corresponding to the fixed isohalines
(i sopycnal s) becane colder by nore than 1 °c in the upper part of the
halocline but less in the deep layers. The 1985 cooling can be attributed
to the anomalously cold winter of 198411985 (see Section 1.1) which
caused increased downward cold water flux due to cross-isopycnal m xing.
Thermal honogeni zation (decrease of tenperature versus salinity gradient)
took place from summer of 1983 to summer of 1985.

Until the end of 1988 the stagnation period led to a nean decrease by 1
PSU in salinity, by 1.4 °C in tenperature and by 0.7 u-units in density
at the 200 mlevel in the Gotland Deep (cf. Table 5). During the sane
period, the isohalines shifted to greater depths by 20 m (8 PSU) to 96
m (12 PSU).
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Figure 26. Temperature contour plots versus salinity and year from the

data of stations BY 15 (BMP J1) and BY 28 (BMP H2).



48

Variation of spatially mean hydrographic parameters and their
heterogeneity (standard deviation) in the Gotland Deep has been studied
on the basis of the data of repeated CTD polygon surveys. The data set
was restricted with the box of 57-58° N, 19-21° E with depths greater
than 110 m which yielded altogether 403 CTD casts from 1984 to September
1988. Partition of the data by about 10 days interval gave 22
guasisynoptic spatial data subsets.
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Figure 27. Spatially mean values of isopycnal depth (a) and

temperature (c¢) and corresponding standard deviations
averaged on isopycnals from 7 to 8.5 kg/m3 (b and d) in the
area 57-58° N; 19-21° E.
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The stagnation period resulted in deepening of isopycnals and decrease
of density stratification (Fig. 27a) for the halocline and the deep
| ayers. Absence of the major inflows of the isopycnally warmer water
caused overall decrease of tenperature on isopycnals (Fig. 27c). However,
a slight increase of tenperature on isopycnals 8 and 9 kg/rﬂ i'n
spring/ summer of 1987 and offset of the trends is related to the 1986
spring inflow Spatial heterogeneity has remarkable seasonal variation
being higher in the winters and lower in the summers (Fig. 27b, d).
Exception here was the summer of 1985 when abrupt tenporal changes in T-
S relation (Fig. 26) were acconpanied by increased spatial heterogeneity
of isopycnal tenperature. The winter activization is explained by
i ncreased forcing of meso- and small-scale motion in case of the absence
of the thernocline

In view of these characteristics the current stagnation period nust be
regarded as the |ongest stagnation interval ever recorded during this
century and caused extrenme variations which never have been observed
since the start of oceanol ogical observations in the Baltic Sea

1.2.3.4 Western Gotland Basin
S. car lberg4

The hydrographi cal devel opnent in the Wstern Gotland Basin is
denonstrated with data from the Karlsd Deep (BY 38 = BMP 11) and
supported by data from the Landsort Deep (BY 31 = BMP H3) in the Northern
Basi n.

The tenperature variability is high in the water layer down to at |east

50 m The span of the tenperature variation in the assessment period
1984-1988 is al npst identical to what was observed for the previous years
after 1977. In the deeper layers, at 80 mand even at 100 m a seasona

variation can clearly be seen, see Figures 28-29. However, this does not
conceal the fact that there is a very clear trend of decreasing deep
wat er tenperatures during the whole period. In fact for the period
plotted, 1977-1988, the tenperature is decreasing continuously. The
temperature conditions described also apply to various water masses of
t he Landsort Deep.

The salinity field in the Western Gotland Basin is in all water depths
dom nated by a decreasing trend; not only in the assessment period but
all since 1978, see Figures 29 and 30. Due to the tine delay caused by
advection, and the smoothing effect caused by gradual mxing of water
masses, the salt water inflows identified in the Arkona and Bornhol m
Basins are not easily discernable at BY 31 (BWMP H3) and BY 38 (BMP 11).
If the inflows are used for reference the increase in salinity at BY 38
occurs with different time delay after each inflow, see Figures 30 and
31 a-b. The same conditions are obvious in the deep water of the Landsort
Deep (BY 31) as described in Figures 32-33; the short-termvariability
is smaller and thus the long-term decrease of salinity is nore obvious.

The changes of tenperature and salinity are summarized in Table 7.
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Table 7. Characteristic changes of temperature and salinity in the
Western Gotland Basin at the stations Landsort Deep, BY 31
(= BMP H3) and Karlsij Deep, BY 38 (BMP 11).

Area Para- Period Depth Overall Annual

meter trend changes
Landsort Deep S 1979-1984 190-210 m -0.92 PSU -0.15 PSU/a
Landsort Deep s 1985-1988 190-210 m -0.22 psu -0.06 PsU/a
Landsort Deep S 1978-1988 390-410 m -1.32 PSU -0.12 psu/a
Landsort Deep s 1980-1984 390-410 m -0.80 PSU -0.16 PsSU/a
Landsort Deep s 1985-1988 390-410 m -0.24 PSU -0.06 Psu/a
Karlsd Deep S 1979-1988 48- 52 m -0.34 psu -0.03 Psu/fa
Karlsij Deep S 1984-1988 48- 52 m -0.52 PSU -0.10 psu/a
Karlsd Deep T 1979-1988 78- 82 m -0.53 °c -0.05 °c/a
Karlsij Deep T 1981-1982 78- 82 m -0.11 °c -0.06 °c/a
Karlsij Deep T 1984-1988 78- 82 m -0.41 °c -0.08 °c/a
Karlsij Deep T 1979-1988 95-105 m -1.00 °c -0.10 °c/a
Karlsd Deep T 1981-1982 95-105 m -0.17 °c -0.09 °c/a

Karlsij Deep T 1984-1988 95-105 m -0.20 °c -0.04 °c/a
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Figure 30. Salinity variation at the Karlsé Deep (BY 38 = BMP 11},
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Figure 31 a. Salinity variation at the Karlsd Deep (BY 38 = BMP I1),
50 m (BMP data only).
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Figure 32. Salinity variation at the Landsort Deep (BY 31 = BMP H3),
190-210 m.
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1.2.4 Gulf¥ of Finland
v. Astokl, R Tamsalus, A wémm! and Y. Suursaar®

The hydrographi cal devel opment in the GQulf of Finland during the 1980s
is denonstrated using HELCOM data from the BMP data bank and Estonian
coastal stations data concerning surface |ayer as well as those collected
by the Estonian Hydroneteorol ogical Service research vessels within the
national monitoring system

The temperature in the surface layer (Fig. 34) shows normal annual
variation in all three presented stations (Kunda is located ca 100 km
east, Heltermaa ca 100 kmwest from Tallinn). The cold summers of 1985
and 1987 were interchanged by warner 1984 and 1986; the summer 1988 was
extrenely warm 1In the open part of the GQulf of Finland the variation is
very strong (Fig. 35) and the calculated trend for tenperature cannot
be taken into consideration. However, the trend in the bottom | ayers (80
100 m) tenperature seens to be confidential and is in good
correlation with the decrease in salinity (Fig. 36). The value of the
tenperature trend in bottom layer is -1,7°c per 20 years or -0.085°C/a.

The salinity in the surface |ayer shows a clear variation in the annua
cycle, especially in the eastern part of the GQulf of Finland (Fig. 34).
Trend estimation fromopen sea observations gives -0,02 psu/a when using
data obtained in Estonia during 1969-1988 (Fig. 37). The sane estinmated
value from BWMP data for the last ten years (station LL7=F3) iS -0,04
psu/a (Fig. 39).

In the bottom | ayer the decreasing of salinity is shown nore clearly
(Figs. 38 and 39). The trend values are -0,08 psu/a (Estoni an data, 20
years) and -0,11 psu/a (BMP data, 10 years).

It can be concluded that during the last 20 years there have been no
large inflows of the saline, but oxygen-poor deep waters from the Baltic
Proper into the Gulf of Finland. The conclusion is confirned by the
increasing o, concentrations in the deep layers of the Gulf of Finland
(Fig. 40).
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Figure 34. The surface water temperature and salinity (daily
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stations 1980-1988.
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Figure 37. Surface salinity variation 1969-1988 in the Gulf of
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Figure 38. Salinity variation 1969-1988 in the bottom layer (80-100

m) in the Gulf of Finland.
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1.2.5 Gulf of Riga 3
V. Astok! and V. Berzins

The hydrographical developrment in the Gulf of Riga during the |ast
decades is denonstrated using averaged annual data from the Latvian
national nonitoring system (13 stations)

The annual mean air and water tenperature (Fig. 41) shows |arge year-
to-year variations; the warmyears (1984, 1986, 1988) are warnmer than in
the Baltic Proper, the cold years (1985, 1987) - colder, respectively.
This is caused by the nearness of land to the practically enclosed gulf;
the climate in the region of the Gulf of Riga is nmore continental than
in the other parts of the Baltic Sea area

The long-term variations in the river run-off and nean salinity are
denonstrated in Figure 42. Mninmumrun-off in 1984 is acconpani ed by
increasing salinity; however, in 1985 the salinity was higher though the
river run-off was nearly 50% | arger than in 1984. The changes in the nean
salinity depend not only on fresh water run-off, but also on saline water
inflows through the Strait of Irben. These inflows during 1984 and 1985
were caused by suitable meteorological conditions in this region. The
aforenentioned increase in salinity, which is of l|ocal inmportance
differs from values obtained in the other parts of the Baltic Sea

7-
G..
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1 1 1.3 ¢ & 2 4 ¢ ¢ 2. A4 £t ..t 3 1 2 4 3 2 .2 3 1 1
65 1970 5 1980 85
Figure 41. The mean air (_) and water (_ _ _) tenperature of the Qulf

of Riga.
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1.2.6 @l f of Bothnia
S. Car:lberg4

The hydrographi cal development in the @ulf of Bothnia is denpnstrated
with data fromthe representative stations SR 5 (BW C4) in the Bothnian
Sea and BO 3 (BWP A3) in the Bothnian Bay (Fig. 43.).

The unusual ly cold winters of 198471985 and 198611987 did not produce any
pronounced effects in the surface layers in the GQulf of Bothnia. The
tenperature mni ma observed were not |ower than those in nost of the
years since 1979. Down to about 50 mthere is no long-termtenperature
trend for the assessnent period. However, at 100 m and bel ow the
tenperature at SR 5 (BW C4) is clearly decreasing from 1984 to the
m ddl e of 1988 (Figure 44). This can also be seen at B03 (BWMP A3) in
Figure 45, although the Iower number of observations there nakes the
picture less clear.* Figure 45 also denpnstrates that in the bottom water
of BO 3 the winter tenperatures frequently approach o°c, whereas at SR
5 the bottomwater rarely is colder than about 1.6°c (Fig. 44).

Compared to the situation in the Baltic Proper the salinities are rather
stable in the Gulf of Bothnia. In the surface water and at 50 mthe
variations are small and the trend in the Bothnian Sea may be descri bed
as weakly decreasing, see Figure 46. In the deep water at about 100 m and
below this trend is nore obvious as is shown in Figure 47. The decrease
started in 1977-1979 at various depths and continued until late 1985 when
the salinity suddenly increased by about 0.5 PSU. After that the decrease
lasted until the end of 1988. The conditions in the Bothnian Bay are
rather simlar, although the greater scatter of the observations makes
the trends less obvious. It is quite clear from Figure 48, however, that
the salinity at 50 m shows a decrease during the period 1984-1988.
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Figure 43. Temperature variation at sea surface of the station SR 5
(BMP C4) in the Bothnian Sea.
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Figure 46 a. Salinity variation at sea surface of the station SR 5
(BMP C4) in the Bothnian Sea.
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Figure 46 b. Salinity variation at the station SR 5 (BMP c4), 48-52 m.
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Figure 46 c. Salinity variation at the station SR 5 (BMP c¢4), 48-52 m
(drawn by SMH for better evaluation of trends)
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Figure 47 a. Salinity variation at the station SR5 (BW c4), 95-105 m
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Figure 47 b. Salinity variation near bottom (115 m to bottom) at the
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The changes of tenperature and salinity are summarized in Table 8 bel ow

Tabl e 8. Characteristic changes of tenperature and salinity in the

Bothnian Sea (Station SR 5 = BW C4) and the Bothnian Bay
(Station BO 3 = BWP A3).

Area Para- Period Depth Overall Annual
(Station) meter trend changes
Bothnian Sea S 1984-1985 48- 52 m -0.35 psu -0.18 pPsu/a
(SR 5 = BMP C4)
Bothnian Sea S 1987-1988 48- 52 m -0.43 psu -0.21 psu/a
Bothnian Sea S 1984-1988 48- 52 m -0.27 PSIJ -0.05 Psu/a
Bothnian Sea S 1980-1985 95-105 m -0.33 Psu -0.05 Psu/a
Bothnian Sea S 1986-1988 95-105 m -0.31 psu -0.10 psu/a
Bothnian Sea S 1980-1985 115 m-bottom -0.55 psu -0.09 psu/a
Bothnian Bay S 1980-1985 48- 52 m -0.04 psu .
(BO 3 = BMP A3)
Bothnian Bay S 1980-1988 48- 52 m -0.12 psu -0.01 psu/a
Bothnian Bay S 1987-1988 48~ 52 m -0.32 PSU -0.16 psu/a
Bothnian Sea T 1978-1988 95-105 m +0.06 °C ————=-
(SR 5 = BHP C4)
Bothnian Sea T 1984-1985 95-105 m +0.42 °C +0.21 °C/a
Bothnian Sea T 1984-1988 95-105 m +0.34 °C +0.17 °C/a
Bothnian Sea T 1978-1988 115m-bottom +0.00 °C f0.00 °c/a
Bothnian Sea T 1984-1985 11Sm-bottom -0.82 *°cC ~0.41 °C/a
SUMMARY

The neteorol ogical conditions during the assessment period 1984-
1988 can be characterized as variable: there have been three very
cold and weak-wind winters (1984/1985 to 1986/1987) with heavy ice
conditions (maximum ice coverage between 81 % and 98 %) followed by
two warm and w ndy wnters (1987/1988, 1988/1989). The winter
1989/1990 was extrenely mild. The summer seasons were rather cool,
the radiation poor and the w nds weak at the beginning of the
assessment period, but the sunmers of 1988 and 1989 were warm and
calm

The fresh water run- off into the Baltic Sea was equal to orhigher
than the mean (472 km> /a) during the whole period W|th the m ni num
in 1986 (470 km> /a) and the maxi mumin 1988 (530 Kkm> /a).

The nopst prom nent phenonenon in the hydrography of the Baltic Sea
was the continuing decrease in salinity in nearly all regions and
| ayers. This process is mainly caused by the |ack of major inflows
of highly saline water during the last 13 years. The last effective
maj or Baltic inflows occurred at the turn of 1975/1976 and in fal
1976. The small inflows in spring 1980, at the turn of 198271983, in
spring 1986 and fall 1988 have had only effects on salinity and
tenmperature in the deep | ayers of the Arkona, Bornhol mand Gdaii sk
Basi ns.
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3.1 During the assessnent period, a general decrease in salinity has
been observed in the surface layer of all regions of the Baltic Sea
starting in 1977. The nean annual trend varied from -0.02 PSU/a in
major gulfs and -0.05 PsU/a in the Central Baltic Proper to -0.15
PSU/a in the Arkona and Bornholm Basins. Any salinity trends in the
Kattegat and Belt Sea waters are strongly masked by the predom nant
annual cycle both in the surface and deep |ayers.

3.2 In the deep layers of the Baltic Sea the salinity decrease is nore
consi derabl e since 1977. The mean annual trends during 1984-1988 are
-0.05 to -0.09 psu/a for the Gulfs of Bothnia, Finland and Riga; -
0.1 to -0.2 psu/a for the Eastern and Western Gotland Basins and
the Landsort Deep (Northern Baltic Proper). The trend is as high as
-0.4 pPsu/a in the near-bottom layer of the Bornhol m Basin.

4, Tenperature and density in the deeper layers of the eastern Gotland
Basin have also been decreasing considerably and the halocline and
i sohal i ne depths have been noticeably descending. Depending on
dimnution of wvertical density gradients the vertical nmixing
processes between the different |ayers have been enlarged.

5. The current stagnation period, at least in the eastern Gotland
Basin, mnust be regarded as one of the l|argest and npst serious
stagnation intervals ever recorded during this century and this has
caused such extrenme changes in the deep layers that never have been
observed since the start of oceanographical observations in the
Baltic Sea.

6. The transparency according to Secchi depths readings in the Northern
Baltic Proper (1969-1985) show pronounced decrease conpared with
that during the first half of the century (1914-1939).

REFERENCES

Al exandersson, H & B. Eriksson, 1988. Cdimate fluctuations in Sweden
1860-1987. SVHI, RMK, Nr. 58. 54 pp.

Baltic Marine Environnent Protection Conmi ssion - Hel sinki Conmi ssion,
1987. First periodic assessment of the state of the marine
environnent of the Baltic Sea area, 1980-1985; Background
document. Balt. Sea Environ. Proc. No. 17B: 7-34.

Carlberg, S. et al. 1986. National Swedish Programre for Mnitoring of
Environnental Quality; Open Sea Programme. SMH Reports
Cceano-graphy No RO 3, 57p. | SSN 0283 - 1112.

Carlberg, S. et al. 1987. National Swedish Programme for Mnitoring of
Environnental Quality; Open Sea Progranme. SVH  Reports
Cceano-graphy No RO 5, sép. | SSN 0283 - 1112.

Carlberg, S. et al. 1988. National Swedish Programme for Monitoring of
Environnental Quality; Open Sea Programme. SMH Reports
Cceano-graphy No RO 7, 56p. | SSN 0283 - 1112.

Cederwall, H & R E ngren, 1990. Biological effects of eutrophication
in the Baltic Sea, especially the coastal areas. Anbio, No. 2
(in print)

Fonselius, S. et al. 1985. Program f6r miljdkvalitetsdvervakning - PM;
Utsjdprogrammet. Medd. fr. Havsfiskelaboratoriet, Lysekil No
310, 71p.



68

Jacobsen, T.S. 1980. The Belt Project - Sea water exchange of the Baltic,
neasurenent and nethods. The National Agency of Environnental
Protection of Dennark, Copenhagen. 106 pp.

Launi ai nen, J. 1985. Hydrografisten ja ilmastollisten tekijdiden
vai htelusta ja vuorovai kutuksesta 1Itdmeren al ueell a. (in
Finnish). X GCeofysiikan P&aivdt, 14.-15.5.1985, Helsinki. 8
pp. (m neo)

Launi ai nen, J., W Matthaus, S. Fonselius, & E. Francke, 1987. Chapter
1 "Hydrography" - in: Baltic Mrine Environnent Protection
Commi ssion = Hel sinki Conmi ssi on, 1987. First periodic
assessnment of the state of the marine environment of the
Baltic Sea area, 1980-1985; Background docunent pp. 7-34. (cf.
above)

Launi ainen, J., J. Pokki, J. Vainio, J. Nenmnaa, & A Voipio, 1989.
Nikdsyvyyden vaihteluista ja nmuuttum sesta pohjoisella
Itimerelld (Long term changes in the Secchi depth in the
northern Baltic Sea. (in Finnish with English abstract). XV
CGeofysiikan Paivat, Helsinki, 3.-4. My, 1989.

Leppiranta, M & A Seind, 1985. Freezing, maxinum annual ice thickness
and break-up of ice on the Finnish coast during 1830-1984.
Geophysica 21(2):87-104.

Mal mberg, S.-A & A Svansson, 1982. Variations in the physical marine
environnent in relation to climte. 70th ICES Statutory
Meeting. ICES CM 1982/G:4, (m neo)

Matt haus, W 1978. Zur mttleren jahreszeitlichen Verdnderlichkeit des
Qoerfl achensal zgehal ts der Ostsee. Cerlands Beitr. Geophysik
87, Pppr. 369- 376.

Matthaus, W 1987. Die Veranderungen des ozeanol ogischen Regines im
Ti efenwasser des Gotlandtiefs wahrend der gegenwartigen
Stagnati ons-periode. - Fischerei - Forsch., Rostock 25, 2, pp.
17-22.

Matt haus, W 1990. Langzeittrends und Veranderungen ozeanol ogi scher
Par amet er wahrend der gegenwartigen Stagnationsperiode im
Ti ef enwasser der zentralen Ostsee. - Fischerei - Forsch.,
Rostock 28. (in print)

M kul ski, Z. 1980. River inflow to the Baltic Sea. University of Wrsaw,

Faculty of Geography and Regional Studies and Polish National

Conmittee of the IHP/UNESCO. Summary |ist of tables, 11 pp.

(m neo)

& E. Francke, 1985. Die hydrographisch - chem schen

Bedi ngungen in der westlichen und zentralen Ostsee im Jahre

1984. Fischerei - Forsch., Rostock 23, 4, pp. 18-27.

Nehriing, D. & E. Francke, 1987a. Die hydrographisch - chenischen
Bedi ngungen in der westlichen und zentralen Ostsee im Jahre
1985. Fischerei - Forsch., Rostock 25, 2, pp. 7-16.

Nehring, D. & E. Francke, 1987b. Die hydrographisch - chenischen
Bedi ngungen in der westlichen und zentralen Ostsee im Jahre
1986. Fischerei - Forsch., Rostock 25, 4, pp. 68-79.

Nehring, D. & E. Francke, 1988. Die hydrographisch = chenischen
Bedi ngungen in der westlichen und zentralen Ostsee im Jahre
1987. Fischerei - Forsch., Rostock 26, 3, pp. 43-52.

Persson, G 1990. Nutrients and the eutrophication of the sea. National
Swedi sh Environment Protection Board, Report 3694, pp. |-47.
(in Swedish with English sunmary)

Weigelt, M 1987. Auswi rkungen von Sauerstoffmangel auf die Boden fauna
der Kieler Bucht. Ber. Inst. Meereskunde Kiel, 176, 299 pp.

o

Nehr iing,



69

Baltic Sea Environment Proceedings 35B (1990)

Second Periodic Assessment

Baltic Sea, 1984-1988; Background Document

Long-term variations of oxygen conditions,

OXYGEN, HYDROGEN SULPHIDE, ALKALINITY AND pH

Anna Trzosifiskal (Convener). Matti Perttila?

of the State of the Marine Environment of the

(Co-convener),

Vesturs Berzins~, Barbara Cyberskal, Stig Fonselius °, Hans Peter
Hansen® . Dieter Kérner , WolfgangBMatthéus , Dietwart Nehring’,

Heye Rumohr® and Gunni Ertebjerg

1) Institute of Meteorology and Water Management

Waszyngtona 42
81-342 GDYNIA
Poland

2) Finnish Institute of Marine Research

Asiakkaankatu 3

P.O. Box 33
SF-00931 HELSINKI
Finland

3) Baltic Fishery Research Institute
Daugavgrivas 6
226 049 RIGA
USSR

4) Swedish Meteorological and Hydrological

Oceanographical Laboratory

Box 2212
S-403 14 GOTHENBURG
Sweden
5) Institut fiir Meereskunde an der

Universitat Kiel
Diisternbrooker Weg 20
D-2300 KIEL
Federal Republic of Germany

6) Deutches Hydrographisches Institut
Bernhard-Nocht-Strasse 78
D-2000 HAMBURG 4
Federal Republic of Germany

7) Institute of Marine Research
Academy of Sciences of the GDR
Seestrasse 15
DDR-2530  ROSTOCK-WARNEMUNDE
German Democratic Republic

8) National Environmental Research Institute

Institute

Division of Marine Ecology and Microbiology

Jagersborg Alle 1 B
DK-2920  CHARLOTTENLUND
Denmark

ABSTRACT

specific alkalinity (A/S) and

pH in the Baltic Sea waters are considered based on the BMP data and

national

data collected since the 1960s.



70

CGeneral depletion of oxygen has been observed in the near-bottom |ayers
over the whole Baltic Sea. However, the rate of depletion and the main
factors <creating anoxic conditions differ regionally. Mean trend
coefficients are given for different areas and subsurface layers. In the
Transition area and the Arkona Basin the significant decrease in oxygen
concentrations have occurred during the last 5-10 years due to increased
production of organic matter followed by increased denmand of oxygen for
its deconposition. In the Baltic Proper the main reason for the vast
oxygen deficient areas and extremely high concentrations of hydrogen
sul phide, is the exceptionally long stagnation period. Due to the sinking
of the halocline and advective processes, an increasing supply of oxygen
into the internediate water |ayers was observed in sonme central and
northern basins. In the Bothnian Sea the |ack of vertical convection down
to the bottom during the winters resulted in a slight depletion of
oxygen. In the @lf of Finland no trend can be observed.

Weak negative trends in the specific alkalinity have been found in the
surface waters of the Bornholm Basin, the Eastern Gotland Basin, the
Northern Baltic Proper and the Aland Sea. More evident synptons of a
shift in the carbonate system due to the eutrophication and grow ng
carbon dioxide wuptake are denpnstrated in pH values, i ncreasing
significantly in the euphotic zone of nobst of the investigated areas. The
deep waters showed a constant alkalinity/salinity ratio together with
marked positive trends in the long-term pH variations. Anobng the reasons
for this phenonenon the denitrification process and weat hering of rock
carbonate due to acid rains are nmnentioned.

2.1 | NTRODUCT! ON
S. Fonselius ™ and A Trzosiﬁska1

Oxygen, physically dissolved in the water, is of utnost inportance for
the life in the sea. It originates nmainly from the atnosphere. The oxygen
di ssolves rapidly in water and the surface water is normally saturated
with oxygen. The oxygen of the air is generally in equilibrium with
oxygen dissolved in the uppernost water l|ayers. Rapid tenperature changes
may cause a small under- or oversaturation of the surface water, because
the solubility of oxygen is strongly tenperature dependent. The oxygen
solubility also depends on the salinity of the water, increasing slightly
with decreasing salinity.

The nost inportant factor influencing the oxygen saturation in the
surface water is the primary phytoplankton production during the
vegetative period. The phytopl ankton renoves carbon dioxide from the
wat er during photosynthesis and produces oxygen gas. This causes an
oversaturation of oxygen, which during the spring phytoplankton bl oom may
reach up to 120-140 %. Figure 1 shows the seasonal variations of
di ssol ved oxygen in the surface water at the Gotland Deep, BY 15 (BM
Jl), as nonthly neans from 1964-1987 (Fonselius 1988). The maxi mum of the
pl ankton bl oom which is very seldom covered in the neasurenents, is very
short, only few days and therefore, the few measurements with extrenely
hi gh saturation values may mask the trend. For these reasons oxygen
trends in the surface water have not been included in the assessnent
wor k. One should, as a general rule, assume oxygen saturation or a snall
oversaturation as an annual nean in the surface water.
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Figure 1. Mont hly neans of oxygen saturation values in the surface

water (O-10 m of the Gotland Deep, BY 15 (BMP JI), from
1964 to 1987

In the water below the surface, oxygen is consumed by bacterial oxidation
of dead organic matter. The oxidation nmay be so rapid that the supply of
oxygen through dissolution from the atnosphere cannot conpensate for it.

Therefore, we normally find undersaturation of oxygen in the deeper
layers. In the Baltic Proper the deep water is separated from the surface
| ayer through a permanent hal ocl i ne. Above the halocline, t he
t her nohal i ne convection during the winter renews the water down to the
hal ocl i ne. Therefore, we find seasonal variations of the oxygen
saturation in these layers. Below the halocline the water is effectively
i sol ated from exchange with the surface and the only inportant oxygen
supply occurs through lateral water renewal. Therefore, the deep water
bel ow the halocline is always undersaturated with oxygen. If the water
in the deepest parts becones stagnant for I|onger periods, it may
conpletely loose all its oxygen, especially if the phytoplankton
production in the surface layers of the Baltic Sea is high. When al

oxygen has been exhausted, hydrogen sul phide begins to be forned in the
sedi nent/water interface through bacterial reduction of sul phate ions.
The hydrogen sulphide is chemically dissolved in the water nmainly as HS™
ions and spreads in the anoxic water layers. |In presence of oxygen it
will again react to form sulphate. In this reversible reaction one
sul phi de ion corresponds to two oxygen nol ecul es, which gives the basis
for the concept *'negative oxygen" (Fonselius 1969). Thus "negative
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oxygen” is the anount of oxygen equal to the amount of hydrogen sul phide
produced through reduction of sul phate ions. The sul phate ion contains
4 atons of oxygen which are used for the bacterial oxidation of organic
matter and 1 atom of sulphur which is reduced fTrom %t o -
Miltiplication with 2 of the H,s value expressed in m/l gives the
"negative" 0," in m/l.

A box model of long-term dynam cs of the mass bal ance (Savchuk 1986,
Savchuk et al. 1989), was used to hindcast year-to-year variations of
organic matter, inorganic nitrogen, phosphorus and oxygen in the Baltic
Sea for the 1951-1982 interval. Nunerical experinents let the authors
suggest that the |eading cause of eutrophication of the Baltic Sea is the
i ncrease of anthropogenic |oads of organic matter and nutrients, while
the natural changes cause background year-to-year variations only (see
also Chapter 3. "Nutrients").

Al kalinity of sea water has been shown to be a function of chlorinity
(Buch 1945). This inplies that for consideration of any alkalinity
changes caused by factors other than varying salinity, the normalized
values of "specific alkalinity", expressed as A/cl or A'S ratios, should
be used instead of alkalinity itself. Strong correlations found in sea
wat er between alkalinity, «chlorinity and salinity allows also for
calculation of alkalinity from the latter determnands with an accuracy
which 1is satisfying for npst oceanographic purposes. Theref ore,
al kalinity measurenents are now seldom carried out on a routine basis.
In the GCceanographical Laboratory of the Swedish Meteorol ogical and
Hydrol ogical Institute (SMH), however, the alkalinity of Baltic waters
has been neasured by the same nethod since the 1960s. These |ong data
series from the international deep stations have mainly been used in the
present assessment.

In the Baltic Sea the alkalinity is strongly influenced by the river
wat er di scharges, which contain relatively large anounts of carbonates.
The turnover tinme of the Baltic Sea is approximtely 30-35 years,
l[imting the contribution of oceanic water as an average to around 20 %
in the upper layers and to 33 % in the deeper layers. Riverborne
carbonates increase considerably the A/S ratio in the Baltic Sea, as
conpared with the al nost constant value of 0.068 for the oceans. This
increase is much stronger in the coastal zone than in the open sea and
stronger in the upper isohaline layer than in the deep water. Table 1
shows the nean values of A'S in the surface water and bottom water of the
Gotland Deep, BY 15 (BWMP JI), neasured by different authors between the
1930s and 1980s.

Sim | ar nmean val ues have been found during 1959-1961 for the Southern
Baltic Proper, viz. 0.203, for the surface waters of the Bornhol m Deep
and the Gdarisk Deep, 0.194, for the surface waters of the Arkona Basin
(Trzosifiska 1967). Respective values for the near bottom waters were
0.126 (88 m), 0.138 (106 n) and 0.108 (47 n). The A/S ratios found by
Modziiiska (1974) in the Bay of Gdafisk, affected by the Vistula river,
were 4-5 tinmes higher. For exanple, the nean A/S ratio calculated for the
coastal waters with salinities less than 6 PSU anounted to 0.940.



Table 1. Conparison of A kalinity/Salinity (AS) mean values in the
Gotland Deep, BY 15 (BMP J1) neasured by different authors
from 1927 to 1989.

Aut hor Peri od Surface water Bottom water
Buch (1945) 1927-1935 0.217 0. 144
Zarins and Ozolins (1934) and

Miezis and Qzolins (1940) 1933-1938 0.218 0. 142
Wttig (1940) 1938 0.214 0.138
Korol eff (1954, 1957, 1958) 1954- 1956 0.199 0.128
Board of Fisheries, Sweden 1958- 1961 0. 203 0.142
(I CES 1966)

Nehring and Rohde (1967) 1965 0. 206 0.134
Kreming (1969, 1970, 1972) 1966- 1970 0.219 0. 143
DDR 1IBY (I CES 1975) 1969 0. 205 0.141
Pol and 1BY (I CES 1975) 1969 0. 206 0. 146
Finl and 1BY (I CES 1975) 1969 0. 206 0.141
Denmar k IBY (I CES 1975) 1969 (0.234) 0.141
SWVH COceanogr. Laboratory 1964-1987 0. 206 0. 142
(SWH _data base 1989)

Mean val ue 1927-1987 0. 2090 0. 1402
St andard devi ati on 0. 0068 0. 0049

All authors with the exception of Kremling (1969) used back titration
techniques (e.g. Gipenberg 1936) and therefore the precision should be
al nost equal. Kreming used the pH method by Anderson and Robi nson
(1946). It has to be pointed out that the results by Koroleff which
differ considerably fromthe other results, consist of only 3 surface
values and 4 deep values taken in the years after the salt inflow in
1951, when the salinity in the Gotland Deep was still above 13.2 PSU.
Kreming' s results consist of 6 surface and 7 deep values. Also the | ow
deep values by Nehring and Rohde are due to a salt inflow with salinities
around 13 PSU. These values coincide very well-with Swedish neasurenents
one nonth earlier. The Danish IBY surface value of 0.234 is surprisingly
high and difficult to explain.

The pH of sea water is together with the alkalinity mainly used for
calculating the total carbon dioxide of the water at primary production
studies. The pH increases during vegetative periods due to uptake of
carbon dioxide by the phytoplankton. This effect is nmuch larger than the
tenmperature effect, which decreases the pH with rising tenperature due
to increasing hydrogen ion activity (Buch and Nynds 1939). The salinity
of the water decreases the hydrogen ion activity and therefore increases
the pH. This effect is also very small. Table 2 shows mean annual
variations of pH in the Southern Baltic Sea.
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Table 2. Long-term variations of pH in the southern Baltic Sea
(Trzosifiska 1990).

Mean trend coeff.

Reui on, station Peri od Season Dept h _(m) pH units/a

Bor nhol m Deep 1969-1986  warm o- 20 0.011%

BY 5 (BWP K2) 1969-1986  cold o- 50 -0.006
1969-1986  year 60~ 90 0.001

Eastern Gotland Basin 1969-1986  warm o- 20 0.012%

BCS-111 10 (BMP K1) 1969-1986  cold 0- 60 0. 000
1969-1987  year 70- 90 0.018P

Gdansk Deep 1969-1986  warm o- 20 0.027°

P 1 (BW L1) 1979-1986  col d o- 70 0.001
1979-1987  year 80- 108 0.024%

Probability of error, Student's t-test:a c 10 %, b <1 %

Figure 2 shows the seasonal variations of pH in the surface water of the
Gotland Deep, BY 15 (BWMP Jl1). The summer periods show a maxi num because
carbon dioxide is renoved from the water through the phytopl ankton
assimlation. This raises the pH of the water. The reasons for variations
in the deep water should be closer investigated.
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Figure 2. Mont hly means of pH values in the surface water (O 10 m
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Deep, BY 15 (BWP JI), from 1964 to 1987.
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have been carried out by

Laboratory of SMHI). The

tenperature correction at the calculation of the pH was changed around
1972 (G eskes 1969). This may have influenced the results to sone extent.
This has to be checked closer (Fonselius 1988).

BWP and national data have been used to assess regional conditions. Trend
coefficients were cal cul ated by nmeans of the linear regression nethod.

The statistical
according to Student's t-test.

significance of the calculated results was tested
Probability levels equal to or higher

than 0.95 were considered as statistically significant. Insignificant
trend coefficients are shown, if necessary, in brackets.

2.2 REG ONAL ASSESSMENT OF OXYGEN CONDITIONS

2.2.1 The Kattegat, the Sound and the Belt Sea

G.

Ertebjerg”, S Fonselius4, H P. Hansen', D Kérner®

and H

Rumohr

Mont hly means of oxygen in m/l from 60 m bottom have been plotted from
the station Fladen (BWMP R6) from 1965-1988 (Fig. 3). A weak negative
trend can be seen in the deep water for this period (Table 3). For the
last five years, however, the negative trend is stronger.

Table 3. Long-term trends of nonthly mean values of oxygen and
negative oxygen concentrations in the Baltic Sea.
Area Peri od Dept h Mean trend Overal |
or coefficient trend
station m m /I m /|
per year
FI aden 1965- 1988 60- bott om (-0.02) (-0.48)
Landskrona Deep 1965- 1988 45-bottom (-0.003) (-0.06)
Arkona Deep 1965- 1988 45-bottom (-0.04) (-0.96)
Bor nhol m Deep 1965- 1988 80- bott om -0.06 -1.52
BY 8 By 9 1965- 1988 90-bottom (-0.007) (-0.16)
Gotland Deep 1965- 1988 100 +0.04 +0.96
Gotland Deep 1965- 1988 200- bott om -0.13 -3.04
Gdai i sk Deep 1960- 1988 80 +0.055 +1.60
Gdai i sk Deep 1960- 1988 101-108 -0.052 -1.51
By 27,28,29 1965- 1988 125-bottom (-0.003) (-0.06)
Landsort Deep 1965- 1988 200- 300 +0.01 +0.24
Landsort Deep 1965- 1988 400- bott om ( 0.00) { 0.00)
BY 34,35,36 1965- 1988 90-bottom +0.05 +1.12
Aland Sea 1965-1988 200- bot t om (+0.01) (+0.24)
Bot hni an Sea 1965- 1988 100-bottom -0.03 -0.72
Bot hni an  Bay 1965- 1988 70- bottom (-0.01) (-0.24)
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Figure 3. Long-term trends of monthly means of oxygen values (mlI/I)
in the bottom water (60 m to bottom) of the station Fladen
(BMP R6) in the Kattegat from 1965 to 1988.
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Long-term trends of monthly means of oxygen values (ml/1)
in the bottom water (45 m to bottom)

Deep, station 431 (BMP Q2) in the Sound from 1965 to 1988.

of the Landskrona
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In the Sound no clear trend for the whole period can be detected (Fig.
4). The figure shows nonthly means of oxygen in m /Il at the Landskrona
Deep (BWMP Q2) from 45 mbottom from 1965-1988 (Table 3). Also here a
negative trend can be seen for the last five years.

Low oxygen concentrations have often been observed in the 1980s in the
southern Kattegat, the Sound, the Belts and the Belt Sea, especially in
the years 1981, 1983, 1985, 1986 and 1988. However, total oxygen-free
wat er or hydrogen sul phide in the water has not been observed in the
Kattegat, the Sound or the Geat Belt. Sulphur bacteria on the sedinment
surface have been observed in a few mnor areas of the Kattegat in 1988,
and hydrogen sul phide was found in the water below the pycnocline in the
Kiel Bay, the Fehmarnbelt and the Bay of Mecklenburg in Septenber 1981,
and in the Kiel Fjord in October 1986.

In the southern Kattegat the hitherto nobst serious oxygen deficiency was
observed in the autum 1988 with oxygen concentrations below 3 m/l for
nore than 2 nmonths (Fig. 5), and often below 1 m/I. The effect was that
fish caught in nets and nany bottom invertebrates died. Anmobng these the
popul ati on of Nephrops norvegicus was seriously harned.

A statistical nodel analysis of all oxygen data from the period 1974~
1987 and the depths 20 mbottom fromthe stations Hal sskov Rev in the
Geat Belt, the Landskrona Deep in the Sound and Gniben and Anholt East
in the Kattegat shows equal seasonal variations and devel opment with
time. Therefore, all the observations were pooled. The analysis shows in
general (Fig. 6) that the autum oxygen m nimum has gradually becone
lower, and that another oxygen minimumin the spring, after the spring
phyt opl ankt on bl oom has gradually devel oped during the period 1974-
1987.

Al t hough the oxygen concentrations during the spring oxygen m ninum
generally are nmuch higher than during the autumm oxygen m nimum the
spring mnimm has caused the death of fish caught in nets along the
northern coast of Zealand in 1987 and 1988.

Total lack of oxygen has been observed in the bottom waters of some parts
of the Kiel Bay occasionally during the last 100 years. However, zero
oxygen concentration in two consequent years was reported only once
before World War Il and again for 1969 to 1971. The last decade (1979 to
1989) is characterized by a significant negative trend in the oxygen
concentrations in the bottom water during the autum m ni mum (August-
Septenber; 25 mto bottom trend coefficient -0.12 nm/| per year). The
negative trend in oxygen concentrations (Fig. 7) is confirmed by a
corresponding negative trend in pH (see Fig. 29). GCbservations of
hydrogen sul phide fornation have been reported nore frequently for nost
of the Kiel Bay stations during the |ast decade.
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Figure 5. Map of Kattegat, Belt Sea and Arkona Sea showing areas with
oxygen depletion in the fall 1988. Shaded areas had oxygen
concentrations below 3 m/I. Crosses show places with dead
bottom ani mal s washed ashore 12-13 Cctober 1988.

Oxygen ml/1

A

1974'75]76'77[78]79I80181IB2‘83|84I85I86I87|

Figure 6. Model 1ing of the devel opnent of the oxygen conditions
(m /1) in the bottom water of the northern Sound, the
southern Kattegat and the Geat Belt during the period
1974-1987.
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Figure 7. Long-term trends of oxygen concentrations (m/l) in the
bottom water (25 mto bottom) of the Kiel Bay during the
oxygen autumm mni mum (August-Septenber) from 1979 to 1990.

2.2.2 The Baltic Proper

Arkona Basin
S. Fonselius

In the deep water the variations of the oxygen concentrations are |arge
due to the fact that the halocline is |ocated very close to the bottom
and that therefore many of the sanples have been taken above the
hal ocl i ne; considerable seasonal variations also influence the results.
A decrease in oxygen concentrations, however, seens to occur in the deep
water of the Arkona Basin, BY 2 (BMP K4), from 1965-1988 (Fig. 8), but
the overall trend (Table 3) as well as the sub-trend for 1977-1988 (Table
4) are not significant. For the last 5 years the negative trend is clear.
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Table 4. Characteristic changes in oxygen conditions (Matthdus
1990) .
Area or Peri od Depth Mean trend coeff. COverall trend
station years m m /1 per year ml/1
Ar kona Basi n 1977-1988 45 not signific. not signific.
Bornhol m Basin 1977-1988 80 -0. 149 -1.8
Gotland Deep BY 15 1977- Apr.1982 100 -0. 306 -1.6
" " " Nov. 1983-1988 100 - 0 406 - 2 0
" " " 1977- 1988 200 -0. 404 -4.7
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Figure 8. Long-term trends of nmonthly means of

oxygen values (m/l)
in the bottomwater (45 mto botton) of the Arkona Deep,
BY 2 (BW K4) from 1965 to 1988.
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Bornholm Basin
S. Fonselius and D. Nehring7

In the Bornholm Basin clear inflows of oxygen rich water can be seen with
intervals of about 2-4 years. Hydrogen sulphide is occasionally formed
in the bottom water (Fonselius 1984). The graph shows monthly mean values
of oxygen and hydrogen sulphide (hegative oxygen) at 80 m-bottom from
1965-1988 as means for the stations BY 4 and BY 5 (BMP K2). The
occurrence of hydrogen sulphide has become more frequent during recent
years. A clear negative trend can be seen for the period (Fig. 9), which
amounts to -1.8 ml/l between 1977 and 1988 (cf. Table 4). The more
negative trend for the last 5 years exists also here (see also Table 3).

Eastern Gotlamd Basin

S. Fonselius®™ and W. Matthaus7
Figure 10 shows the conditions 1965-1988 in the southern part of the
basin at the stations BY 8 and BY 9 from 90 m to the bottom. No
significant trend can be found (Table 3). For shorter periods there are
clear trends indicating inflows of new water. For the five last years
there is a very clear negative trend. Figure 11 shows the development in
the Gotland Deep, BY 15 (BMP Jl), during the same period from 200 m to
the bottom (see also Tables 3 and 4). Also here several inflows of new
water can be found. The trend shows a significant decrease in oxygen
content during the whole period and almost stable anoxic conditions
during the last 5 years (1984-1988). The Gotland Deep is located in a
semi-stagnant basin, where the bottom water 1is irregularly renewed
through horizontal exchange along the bottom. The water renewals can be
seen as maxima in the oxygen concentration in the figure. We can see that
the last major inflow which was significant for the Gotland Deep water
renewal, occurred at the beginning of 1977 and that since then the bottom
water slowly lost its oxygen, forming hydrogen sulphide (Matthaus 1986,
1987, Fonselius 1988). One of the reasons for the long-stagnation period
after 1977 seems to be the inflow in January 1977 described by Fonselius
(1977), which raised the temperature to more than 7°c and the salinity
to more than 13 PSU below 200 m. The saline water inflows at the turn of
1982-1983 and in the spring of 1986 (see Chapter 1 "Hydrography')
affected the intermediate layers only. This can be seen in Figure 12
where the oxygen trend below the halocline at around 100 m is shown. The
trend is clearly positive (Table 3) and the above-mentioned inflows can
be seen as maxima in the oxygen concentration. The reason for the
positive trend can be the increased advection of oxygen-rich water in
intermediate depths. It seems, however, to be more probable that the
vertical exchange across the primary halocline has increased due to the
decreased stability of the stratification and the significant shifting
of the halocline centre to greater depths (Matthaus 1990). For the
separate periods of the current stagnation negative sub-trends could be
found in the intermediate waters (Table 4; Fig. 12).

The stagnation period iIn the Eastern Gotland Basin started with the
highest temperatures ever recorded in the bottom water (> 7°c) and led
to the formation of the highest concentrations of hydrogen sulphide (>
3 mg/l) ever measured at the 200 m level of the Gotland Deep, BY 15 (BMP
J1l)y. Compared to earlier extreme periods (cf. Matthaus 1986, 1987) the
current stagnation period caused the greatest decreases iIn oxygen
concentrations which ever have been observed since the beginning of
oceanological observations in the Baltic Sea (Matthaus 1990).
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Figure 9. Long-term trends of nonthly neans of oxygen values (m/l)
in the bottomwater (80 mto bottom of the Bornhol m Basin
from 1965 to 1988. Mean val ues of the stations BY 4 and BY
5 (BWP K2) have been used.
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Fi gure 10.

Long-term trends of monthly neans of oxygen values (m/l)
in the bottom water (90 mto botton) in the southern part
of the Eastern Gotland Basin from 1965 to 1988. Mean val ues
of stations BY 8 and BY 9 have been used.
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Figure 11. Long-term trends of monthly means of oxygen and negative
oxygen values (m/l) in the bottom water (200 m to botton
of the Gotland Deep, BY 15 (BMP Jl), from 1965 to 1988.
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Figure 12. Long-term trends of nonthly neans of oxygen values (m/l)

in the intermediate water (95-100 n) of the Gotland Deep,

BY 15 (BwW JI), from 1965 to 1988.
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Gdansk Basin
B. cyberska

The Gdansk Basin is a sub-basin of the Eastern Gotland Basin. In the deep
| ayers of the Gdaiisk Deep, Station P 1 (BMP L1), the overall negative
trend in the oxygen concentration during 1960-1988 is in good agreement
with the results of the period 1960-1983 (Cyberska and Trzosiiiska 1984).

In the near-bottom water (100-108 m) the rate of oxygen depletion was
approximately 0.05 m /| per year or 0.4 % of saturation per year during
the last three decades (Tables 3 and 5). Due to the advection of oxygen-
rich water after the 1975/1976 oceanic inflow, this 30 year period can
be subdivided into two periods of different rates of oxygen depletion
(Fig. 13 a). During the present prolonged stagnation the oxygen depletion
rate has considerably accelerated (0.14 m /| per year). Later inflows in
1977, 1982/83 and 1986 affected the bottom waters of the CGdaiisk Deep to
a nuch smaller extent, although their influence can be traced there as
peaks in the oxygen concentration values, as disappearance of hydrogen
sul phide during 1983-1986, and as a significant correlation between
salinity and oxygen concentrations. Hydrogen sul phide appeared there
again in the last three years (1987-1989) in very high concentrations,

up to 45 wumol/1 (1.5 mg/l). In 1989 the hydrogen sul phide-containing
wat er al so penetrated into the central part of the Bay of Gdansk.

Contrary to the near-bottom water, the intermediate |ayers of the Cdaiisk
Deep showed a highly significant positive oxygen trend during the past
three decades (Fig. 13 b, Tables 3 and 5), with the negative sub-trends
marked during the inter-inflow periods. For explanation of this positive
trend, also observed in the Gotland Deep, see paragraph on the eastern
Gotland Basin.

ml/l Oxygen 100 - 108m mi/l Oxygen

10

80m

Figure 13 a. Oxygen and negative oxygen values (m/l) in the bottom
water (101-108 m) of the cdarfisk Basin at the station P 1
(BVMP 1) from 1960 to 1989
b. Oxygen values (m/1) in the intermediate water (80 m depth)

of the CGdaiisk Basin at the station P 1 (BWP L1) from 1960
to 1989.
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Tabl e 5. Characteristic changes in the oxygen conditions in the
Gdahsk Deep, P 1 (BMP L1).
Peri od Depth (m Mean trend coeff. Overall trend
(m/1 per year) (m /1)
1960- 1988 80 0. 055 1.60
1960- 1975 80 -0.099 -1.48
1976- 1981 80 -0. 649 -3.89
1982-1988 80 (-0.122) (-0.85)
1960- 1988 101- 108 -0. 052 -1.51
1960- 1975 101- 108 -0. 064 -1.02
1976- 1988 101- 108 -0. 143 -1.86
Oxygen ml/i
7- - above 15m
6« - e .
5-
8 20-30m
... .7
. .
5-1 .
3 LI I DL l LI | LI B S R LR L | p——
1965 1970 1975 1980 1985
Figure 14. Long-term variations of oxygen concentrations (m/l) in

different water layers of the @ulf of Riga in August from
1963 to 1987.
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Gulf of Riga
V. Berzins

Long-term variations of the oxygen concentrations in the near-bottom
water layer in the central part of the Gulf of Riga show significant
negative trends. During the last 24 years (1963-1986) the mean decrease
in sumrer (August) amounted to about 0.07 nml/| per year. The rate of
decrease oscillated, however, wth a period of 2-7 years, due to
periodi cal changes in the density stratification, connected with the
inflows of nore saline Baltic water (Fig. 14).

Northern Baltic Proper
S. Fonselius

The Landsort Deep, BY 31 (BMP H3), is representing the Northern Baltic
Proper (Fig. 15). The figure shows the oxygen trend from 1965-1988 from
400 mto the bottom No clear trend can be found for the period. During
the last five years the conditions, however, have inproved. The water
inflows at intermediate depths seem to have penetrated down into the
Landsort Deep (Table 3). Figure 16 shows nonthly means of mean values for
the stations BY 27, BY 28 (BMP H2) and BY 29 from 125 m bottom during
the sane period (Table 3). No trend can be found, with exception for the
last 5 years, which show a weak but significant negative trend.

West ern Gotland Basin
S. Fonseli‘us

For this basin the stations BY 34, BY 35 and BY 36 have been used. Figure
17 shows nean val ues of these stations from 1965-1988 from 90 mto the
bottom A positive highly significant trend can be seen here, due to the
previously discussed inflow of water at intermediate levels (Table 3).
The density of the bottom water is here |low enough for this water to
penetrate down to the bottom

2.2.3 Gulf of Finland
M. Perttilda

Oxygen developrment in the @lf of Finland depends partly on the
devel opment in the Baltic Proper due to lack of a sill between the Baltic
Proper and the @ulf of Finland. In the water layer from 50 m down to the
bottom no significant trends can, however, yet be seen. Most of the BMW
data has been collected at the station LL 7 (BMP F3), where the
hal ocline, wusually observed at single CID casts, is very variable and
thus its effects on salinity and therefore also on oxygen concentrations
are obscured in the long-term scatter plot of oxygen vs. tine (Fig. 18).

No consi stent oxygen depletion has, however, been observed in the Gulf

of Finland during the period of inspection.

2.2.4 @l f of Bothnie
S. Fonselius

No significant trend can be found at the station F 64 (BMP D1) (Table
3).
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Figure 15. Long-termtrends of nmonthly neans of oxygen and negative
oxygen values (m/l) in the bottom water (400 m to botton)
of the Landsort Deep, BY 31 (BWP H3) from 1965 to 1988.
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Figure 16. Long-termtrends of nonthly neans of oxygen and negative

oxygen values (m/l) in the bottom water (125 m to botton
of the eastern part of the Northern Baltic Proper from
1965 to 1988. Mean values of the stations BY 27, BY 28
(BMP H2) and BY 29 have been used.
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Figure 19. Long-term trends of nonthly means of oxygen values (m/l)
in the bottom water (100 m to bottom) of the Bothnian Sea
from 1965 to 1988. Mean val ues of all deep stations have
been used.
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Figure 20. Long-term trends of nonthly means of oxygen values (m/l)

in the bottomwater (70 mto botton) of the Bothnian Bay
from 1965 to 1988. Mean values of all deep stations have
been used.
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Bot hni an Sea

Figure 19 shows the oxygen conditions in this basin from 1965-1988 as
means of several representative stations from 100 mbottom The trend is
clearly negative during the period (Table 3). The last five years show
a larger decrease of the oxygen concentrations.

Bot hni an Bay

Figure 20 has also been drawn using nean values from several
representative stations showi ng the oxygen concentration from 70 m-
bottom 1965-1988. The nunber of observations from single stations is too
small, especially during the 1960s for obtaining reliable results. No
significant trend can be found (Table 3). The large supply of fresh water
and the weak stratification of the water prevents the basin from
devel oping signs of stagnation.

2.3 REG ONAL ASSESSMENT OF THE ALKALINITY

S. Fonselius

For the assessment A/S relations without the constant term have been
used. Annual nean val ues have been calculated for all stations.

2.3.1 The Uattegat and the Sound

Annual neans of A/S at the Kattegat station Fladen (BMP R6) from 1965-
1988 for the surface water (O-10 nm) and the deep water (50 m - bottom
have been conmputed. No significant trends can be found, even if there are
i ndi cations of a weak negative trend in the surface water during the |ast
5 years (Table 6).

In the Sound (Landskrona Deep, Station 431; BMP @2) the surface val ues
are very scattered, but long-term negative trends can be found in the
surface water and in the bottom water. The reason for the scattering in
the surface water is obviously the strong influence from river discharge
with a high alkalinity. The trends are not significant (Fig. 21 and Table
6). For the last 5 years (1984-1988) very weak positive insignificant
trends can be detected.

2.3.2 The Baltic Proper
Arkona Basin

Negative trends could be found both in the surface water and in the deep
water at the station BY 2 (BWMP K4) (Table 6), but these are not
significant.

Bornholm Basin
In the Bornhol m Basin, nean of stations BY 4 and BY 5 (BWP K2) has been

calculated. A weak negative trend could be detected at O-10 m but bel ow
80 mno trend could be found (Table 6).
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Table 6. Long-term trends of annual means of specific alkalinity
(A'S) in the Baltic Sea.

Ar ea Peri od Dept h Mean trend Overal |
or coefficient trend
station m A'S wunits/a A/'S units
Fl aden 1965-1988 010 (-0.0001) (-0.002)
Fl aden 1965-1988 60-bottom (-0.0002) (-0.004)
Landskr ona Deep 1965-1988 o 10 (-0.0005) (-0.012)
Landskrona Deep 1965- 1988 45-bottom (-0.0003) (-0.008)
Arkona Deep 1965- 1988 o 10 (-0.00025) (-0.006)
Arkona Deep 1965- 1988 45-bottom (-0.00025) (-0.006)
Bor nhol m Deep 1965- 1988 o 10 (-0.00025) (-0.006)
Bor nhol m Deep 1965- 1988 80-bottom ( 0.0000) ( 0.000)
BY 8 BY 9 1965- 1988 o 10 -0. 0005 -0.012
BY 8, BY 9 1965- 1988 90-bottom ( 0.0000) ( 0.000)
Gotland Deep 1965- 1988 o 10 -0.0003 -0.008
Gotland Deep 1965- 1988 200-bottom ( 0.0000) ( 0.000)
BY 27, 28, 29 1965- 1988 o 10 (-0.00025) (-0.006)
BY 27, 28, 29 1965-1988 125-bottom +0.0003 +0.008
Landsort Deep 1965-1988 o 10 (-0.0002) (-0.004)
Landsort Deep 1965- 1988 400-bottom (+0.00025) (+0.006)
BY 34, 35, 36 1965- 1988 o 10 -0. 0005 -0.012
BY 34, 35, 36 1965- 1988 90-bottom (+0.0003) (+0.008)
Aland Sea 1965- 1988 0O 10 (+0.0002) (+0.004)
Aland Sea 1965- 1988 200- bott om ( 0.000) ( 0.000)
Bot hni an Sea 1965-1988 o 10 (-0.0003) (-0.008)
Bot hni an Sea 1965- 1988 100-bottom { 0.0000) ( 0.000)
Bot hni an Bay 1965-1988 o 10 (-0.0004) (-0.010)
Bot hni an Bay 1965-1988 70-bottom ( 0.0000) ( 0.000)

Eastern Gotland Basin

Here results from the Gotland Deep BY 15 (BMP J1) only will be used
because the results from the stations BY 8 and BY 9 are very sinmlar
(Table 6). Figure 22 shows monthly means for A/S in the surface water (0-
10 m and the deep water (200 m - botton) from 1965-1988. Only in the
surface water a very weak but significant negative trend can be seen. For
the last 5 years both levels show a positive trend.

Northern Baltic Proper

The Landsort Deep, BY 31 (BMP H3), is representative for the Northern
Baltic Proper. Figure 23 shows the annual nmeans of A/S at O-10 m and from
200 m - bottom at the Landsort Deep. Also here the trend is negative in
the surface water, but we nmay see a weak positive trend in the deep
wat er. The nmean of the stations BY 27, BY 28 (BMP H2) and BY 29 show a
simlar result (Table 6). The only significant trend was found in the
deep water of BY 27, 28 and 29.
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Western Gotland Basin

Means for the stations BY 34, BY 35 and BY 36 have been used. Here the
surface water shows a significant weak negative trend and the deep water
(90 m - bottonm) a weak positive trend, as in the northern Central Basin
(Fig. 24 and Table 6)

2.3.3 Gulf of Bothnia
Aland Sea

A very weak positive trend could be found at the station F 64 (BWP D1)
for the period 1965-1988 in the surface water, but there was not trend
in the deep water (Table 6).

Bothnian Sea

Figure 25 represents A/S relations in the surface water and bel ow 100 m
in the Bothnian Sea. The vertical stratification in the water is very
weak and therefore, the difference between the conditions in the surface
and deep water is small and the regression lines for A/S are therefore
very close to each other. The negative trend for the surface water is
weak and not significant. For the deep water no trend can be found (Table

6).

Bothnian Bay

In the Bothnian Bay the conditions are very simlar to the conditions in
the Bothnian Sea (Fig. 26). In the surface water a negative trend can be
found but no trend exists in the deep water (Table 6).

2.4 REG ONAL ASSESSMENT OF THE pE

The pH of the surface water shows seasonal variations due to the effects
of primary phytoplankton production. In npbst cases annual neans have been
used here for trend calcul ations.

2.4.1 The Kattegat the Sound and the Belt Sea
S. Fonselius™ and H P. Hansen'

Figure 27 shows the pH at the Kattegat station Fladen (BMP R6) as annua

means in the surface water (G-10 n) and in the deep water (60 m - bottom
from 1965-1988. Both the surface and the deep water show a clearly
positive trend, around 0.008 pH units/year (Table 7). The pH difference
bet ween surface and deep water is small, only around 0.1 pH units

In the Sound the pH variations are shown at the station Landskrona Deep,
431 (BMP @Q2). Figure 28 shows the variations at 0-10 m and 40 m - bottom
from 1965-1988. | n the surface water a very weak positive trend can be
detected. In the deep water no trend could be found (Table 7). For the
last 5 years both levels show a clear positive trend.
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Table 7. Long-term trends of annual neans of pH in the Baltic Sea.
Ar ea Peri od Dept h Mean trend Overal |
or coefficient trend
station m pH units/a pPH units
Fl aden 1965-1988 o 10 +0.008 +0.20
Fl aden 1965- 1988 60-bottom +0.007 +0.18
Landskrona Deep 1965- 1988 o 10 (+0.0025) (+0.06)
Landskrona Deep 1965- 1988 45- bott om { 0.000) ( 0.00)
Ar kona Deep 1965- 1988 G 10 +0.008 +0.20
Arkona Deep 1965- 1988 45-bottom +0.008 +0.20
Bor nhol m Basi n 1965- 1988 o 10 +0.008 +0.20
Bor nhol m Basi n 1965- 1988 80- bott om (+0.007) (+0.16)
BY 8 9 1965- 1988 o 10 +0.008 +0.20
BY 8, 9 1965- 1988 90-bottom +0.017 +0.40
Gotland Deep 1965- 1988 O 10 +0.007 +0.18
Gotland Deep 1965- 1988 200- bott om +0.009 +0.22
Gdansk Deep 1969- 1989 0O 20 (+0.002) (+0.04)
Gdai i sk Deep 1969- 1989 100-108 +0.016 +0.34
BY 27, 28, 29 1965- 1988 o 10 +0.008 +0.20
BY 27, 28, 29 1965- 1988 125-bottom +0.010 +0.24
Landsort Deep 1965- 1988 G 10 +0.003 +0.08
Landsort Deep 1965- 1988 400- bott om +0.005 +0.12
BY 34, 35, 36 1965- 1988 o 10 +0.008 +0.20
BY 34, 35, 36 1965- 1988 90-bottom +0.008 +0.20
Aland Sea 1965- 1988 010 (+0.003) (+0.08)
Rland Sea 1965- 1988 200- bot t om +0.010 +0.25
Bot hni an Sea 1965- 1988 010 ( 0.000) ( 0.00)
Bot hni an Sea 1965- 1988 100-bottom +0.007 +0.18
Bot hni an Bay 1965- 1988 G 10 { 0.000) ( 0.00)
Bot hni an Bay 1965- 1988 70- bottom +0.007 +0.16

The only significant trend of pH in the Kiel
wat ers during the autum mini mum of
bottom). The pH shows a clear
the negative

corresponds

2.4.2 The Baltic Proper

Arkona Basin

S.

The Arkona Deep,
have been conputed at
positive trends
the deep water

Fonsel i us

i ndicate an
(Table 7).

02 m and at
i ncrease of
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Figure 29. Long-term trend of pH in the bottom water (25 m to botton)
of the Kiel Bay during the autumm oxygen m ni mum (August-
Septenber) from 1979 to 1990.
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Figure 30.

Long-term trends of annual means of pH in the surface water
(G110 m and the bottom water (80 m to botton) of the
Bornhol m Basin from 1965 to 1988. Mean values of stations
BY 4 and BY 5 (BW K2) have been used.
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Bornholm Basin
S. Fonselius

In the Bornhol mBasin the neans of the stations BY 4 and BY 5 (BMP K2)
have been used. Figure 30 shows annual neans at O 10 mand 80 m - bottom
from 1965-1988. Both plots show an increasing pE (approximtely 0.008 pH
units/year, Table 7). 1In the deep water the trend becomes negative for
the 5 last years.

Eastern Gotland Basin
S. Fonselius

In the Eastern Gotland Basin the stations BY 8 and BY 9 represent the
southern part. Figure 31 shows the monthly neans for the surface water
(0-10 m and for 90 m - bottom from 1965-1988. The positive trend for the
surface water is approximately 0.008 pH units/year and for the deep water
0.017 pH units/year (Table 7). Figure 32 is fromthe cotland Deep, BY 15
(BWP J1), and shows the trends at O-10 mand 200 m - bottom as nonthly
means from 1965-1988. The increase is somewhat larger in the bottom
| ayer, but both graphs show an increase of around 0.008 units/a (Table
7). The S-year trends 1984-1988 are opposite to simlar trends at other
stations.

Gdansk Basin
A. Trzosinskal

In the surface water of the Gdaiisk Deep (station P 1 = BWP L1) a
significant increase in pH could only be found for the vegetative seasons
of 1979-1986 (Fig. 33 a, Table 8) or even earlier (Table 2). Due to the
sharp decrease of pH during the last two years (1987-1988) the overall
trend for 1979-1988 becane negative. In the deep and the internediate
wat er |ayers the increase of pH had been observed since 1969 but during
the last decade the rate of increase was slower (Fig. 33 b, Table 8). The
positive trend of pH at 80 m depth corresponds well with the long-term
increase of oxygen concentration in the internediate water |ayers (Table
5 Fig. 13 b); in the bottom water both parameters show opposite trends.

Table 8. Long-term variations of pH in the Gdansk Deep (P 1 = BMP
L1).
Peri od Dept h Mean trend coeff. Overall trend Remar ks
m pH units/a pPH Units

1979- 1986 020 0.028 0.22 April -0t
1979-1988 020 -0.019 -0.19 April -0t
1969- 1988 80 0.019 0.38
1969- 1989 100-108 0.016 0.34

1979- 1989

100-108

0.013

0.14
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Northern Baltic Proper
S .Fonsel ius

Here the pH means of the stations BY 27, BY 28 (BMP H2) and BY 29 have
been used for the central part. In Table 7 annual mean trend coefficients
at 0-10 m and 125 m - bottom, respectively, for the period 1965-1988 are
given. The trend shows an increase of pH both in the surface and the
bottom water. The Landsort Deep; BY 31 (BMP H3), represents the western
part of the basin. Figure 34 shows the annual mean trends for 0-10 m and
400 m - bottom. Also here the trend shows a clear pH increase in both
layers (Table 7).

Western Gotland Basin
S. Fonselius

Annual means of the stations BY 34, BY 35 and BY 36 at O-10 m and 90 m -
bottom are shown in Figure 35. A clear positive trend in pH can be seen
(Table 7).

2.4.3 Gulf of Bothnia
S. Fonselius

Aland Sea

In Table 7 annual means at the station F 64 (BMP D1) at 0-10 m and 200
m - bottom are given from 1965-1988. In the surface water only a very
weak positive trend in pH can be found, but in the deep water the pH
trend is clearly positive and highly significant. For the last 5 years
a decreasing trend could be seen.

Bothnian Sea

Figure 36 shows annual pH means of a mean of the representative deep
stations in the Bothnian Sea at 0-5 m and 100 m -~ bottom from 1965-1988.
In the surface water no trend can be seen, but in the deep water the
trend is clearly positive (Table 7).

Bothnian Bay

Figure 37 TfTinally shows the pH trends at 0-10 m and 70 m - bottom as
annual mans for a mean of representative deep stations. In the surface
water no trend can be found, but in the deep water the trend is positive
for the period 1965-1988 as in the Bothnian Sea (Table 7).
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Figure 38.

CQccurrence of

hydrogen sul phide (black areas) in the deep
basins of the Baltic Proper between 1983 and 1988 (after
Nehring and Francke, conpleted after Andersin and Sandler
1989). Shaded areas show oxygen concentrations below 2
m/l. The maps give maxi mum coverage of the observed areas
during each year.
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2.5 SUMMARY .
S. Fonselius4 and A. Trzosiiiska

2.5.1 Oxygen

In the internediate water of the Eastern Gotland Basin and the Northern
Baltic Proper, and in the deep water of the Western Gotland Basin the
oxygen trend is positive due to inflow of new water in the l|ayers below
the halocline and also due to the sinking of the halocline in the Eastern
Gotland Basin. In the bottom water of the Kattegat, the Arkona Basin, the
Bornhol m Basin and the Eastern Gotland Basin the oxygen trend is negative
due to lack of effective renewal of the bottom water and also due to
i ncreased eutrophication of the surface water. In the bottom water of the
Northern Baltic Proper no trend can be found. The water has |ost al nost
all its oxygen, but only very small anmounts of hydrogen sul phide have
occasional |y been formed. The bottom water of the Aland Sea shows a weak
positive trend, but in the Bothnian Sea and the Bothnian Bay the trends
are negative (Table 3). The 5-year period (1984-1988) is too short for
any definite conclusions on the direction and the rate of oxygen trends.

Studies carried out by Andersin and Sandler (1989) on the occurrence of
hydrogen sul phide and |ow oxygen concentrations in the bottom waters of
the Baltic Proper and the @ulf of Finland (Fig. 38) show that the total
area of sea bed covered by waters w th unfavourable oxygen conditions
decreased significantly during the period 1963-1987, while areas covered
by hydrogen sul phide containing water showed a weak, statistically non-
significant positive trend. They concluded that the bottom areas suitable
for benthic fauna have not dimnished in the Central Baltic Proper and
the aulf of Finland during the last 25 years. A clear spreading has taken
place in the Arkona Basin and the Bornhol m Basin because the duration of
periods wth favourable oxygen conditions have becone shorter.

The main reason for the decreasi ng oxygen concentrations in the bottom
water of the deep basins is obviously the |long stagnation period. No
maj or inflows of Kattegat water have occurred since 1977. This can be
seen from the continuously decreasing density of the bottom water, e.g.
in the Eastern Gotland Basin. It is quite clear that this kind of
stagnation is a natural phenonenon associated with river run-off and
net eor ol ogi cal conditions. Another effect of this stagnation is that the
halocline is nmoving downward. This increases the supply of oxygen to the
internediate levels (Chapter 1 "Hydrography").

2.5.2 Al kalinity

The trends are nostly negative in the surface water but a positive trend
can be found in the Aland Sea. In the Bornholm Basin and the Eastern
Gotland Basin no trend can be found in the bottom water. In the Northern
Baltic Proper and the Wstern Gotland Basin the trend in the bottom water
beconmes positive, but it is very weak. 1In the @ulf of Bothnia and the
Aland Sea no trend can be found in the bottom water. Wen the results in
Table 6 are conpared with the results in Table 1, it can be seen that the
annual nean variations of the specific alkalinity AS, and in nany cases
even the overall 24-year trends (1965-1988) are smaller than the standard
deviations of A/S nean values found by different authors in the surface
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and the bottom waters. One may conclude that the long-term variations of
the A/'S ratio might be inside the analytical errors, the nore so as the
majority of presented trends are statistically non-significant. The 5-
year trends for 1984-1988 are too short for any definite conclusions.

Al kalinity is strongly related to the salinity and is nearly a
conservative paraneter. In the surface water there are signs of a very
weak negative trend for the relation A/S, but it is hardly significant.
The deep water generally has a constant A/S relation. For calculation of
total carbonate in the Baltic Sea the alkalinity can be calculated from
Buch (1951). For nore exact work it is still necessary to determine the
alkalinity in sanples of sea water in the Baltic Sea. The weak negative
surface trend has to be investigated nore closely. Decreasing salinity
in the Baltic Sea should result in an increase of the alkalinity, because
the river water has a higher alkalinity. According to Chapter 1
"Hydrography", the salinity in the Baltic Proper is decreasing, but the
alkalinity is also decreasing in the surface water and i s unchanged in
the deep water. Therefore, the very small effect of the decreasing
salinity is masked by sone nore inportant processes. The explanation may
be the increasing eutrophication in the Baltic Sea, which increases the
primary production of organic matter. This leads to a decrease of total
carbonate and an increase of pH.

2.5.3 pH

Most stations and sea areas show clearly positive trends both in the
surface water and the deep water. |In the Sound (Landskrona Deep) no trend
can be found in the bottomwater. In the Rothnian Sea and the Bot hni an

Bay no long-termtrends for the surface water can be detected. In the
Kiel Bay the pH trend is negative. A so here the 5-year trends for 1984-
1988 are too short for conclusions. Table 7 shows the |ong-term pH
trends.

On annual basis there seens to be a positive trend of the pH in the
Baltic water, both in the surface and the deep water. The reason for this
is not clear. One would expect that the pH of the surface water should
i ncrease due to the increasing eutrophication and therefore increasing
primary production. For the deep water the nost probable explanation is
that increasing production and sedinentation of organic matter, followed
by increasing oxygen consunption for its deconposition create conditions
for denitrification. During the nitrate reduction O+ ions are produced
and ammonia is accumulated in stagnant anoxic waters. There is also
anot her nechani sm whi ch should be taken into account when considering
long-term variations of pH in the Baltic waters. Acid rains may enhance
weat hering of carbonate rocks resulting in escape of carbon dioxide into
the atnosphere and in release of oxides of the alkaline earth netals into
the water.
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ABSTRACT

Concentrations of phosphate, total phosphorus, nitrate, total inorganic
ni trogen conpounds and silicate were studied with respect to trends in
the surface layer and in the deep water.

Since the late 1970s concentrations of the phosphorus and nitrogen
conpounds are no longer increasing, on average, or are characterized by
| ower accumul ation rates with respect to the previous period in the
surface layer in winter in nost parts of the Baltic Sea Area, whereas
silicate concentrations generally decrease in this l|layer. The strong
i ncrease of phosphate concentrations identified in the near-bottom water
|ayers of the central Baltic basins since 1977 mainly results from
transi ent phosphate renobilization from the iron hydroxo conplex in the
sedi nents caused by the increasing hydrogen sul phide concentrations in
the recent stagnation period.

3.1 | NTRODUCTI ON  AND GENERAL REMARKS
D. Nehring

One of the nost inportant results of the assessments 1980 and 1980-1985
was the evidence of eutrophication in the Baltic Sea Area during recent
decades (Baltic Marine Environnent Protection Conmission, 1981, 1987a).
The winter pool of nutrients in the surface |ayer has increased with
respect to nitrate or inorganic nitrogen conpounds (NO3+NO,+NH,) in all
Baltic subregions. The concentrations of phosphate or total phosphorus
also increased, on average, except in the Bothnian Bay and the Gulf of
Riga. The statistically significant overall trends of the phosphorus and
nitrogen conpounds were interrupted by a period with decreasing or nearly
constant concentrations in the Baltic Proper, the Belt Sea, and the
Katt egat between 1976 and 1980. The phosphate and nitrate variations
observed in winter were closely correlated with the salinity (density)
in the Baltic Proper, indicating that eutrophication in this area is also
affected by the advective deep water exchange renobilizing nutrients into
the surface |ayer.

As in the surface l|layer, positive trends of phosphorus and nitrogen
conmpounds were also identified below the halocline. Denitrification
during anoxic transition and phosphate l|iberation from sediments in the
presence of hydrogen sul phide nade it difficult to identify long-term
trends in sone of the Baltic deep basins.

Regardl ess of whether anthropogenic activities or natural variations play
the domnating part in the nutrient increase, eutrophication was
identified in the assessnment 1980-1985 as one of the nobst serious
problems in the Baltic Sea area (Baltic Marine Environment Protection
Commi ssion, 1987a). The main negative changes in the rmarine environnent
were those concerning trends towards increasing nutrient concentrations
whi ch cause a higher biological productivity. The organic matter produced
in this process consunes oxygen during its mcrobial destruction, thus
contributing to the nore frequent oxygen depletion and the occurrence and
spreadi ng of hydrogen sul phide in the bottom water |ayer of the Baltic
Proper, the Belt Sea and the Kattegat under stagnant conditions.



111

Nutrients discussed in the present assessment are the inorganic nitrogen
conmpounds and phosphate linmting prinmary production. Silicate, although
being of lower significance in this connection, is also included in the
i nvestigations.

Total phosphorus and total nitrogen analyzed by neans of persul phate
digestion are studied as well. The results from the total nitrogen
anal ysis should be |ooked upon with caution since possibly not all
nitrogen fixed in organic substances |ike humic acids is oxidised by this
nmet hod.

The results of nutrient intercalibrations and the conparability of
nutrient data have been already discussed in the earlier assessnents
(Baltic Marine Environnent Protection Conmission, 1981, 1987a). Nutrient
data are available from the HELCOM Data Base storing data of the Baltic
Monitoring Progranme of HELCOM Additional data results from national
nmonitoring activities.

3.2 NEW RESULTS W TH RESPECT TO CHANGESI N THE BALTI C ECOSYSTEM
D. Nehring

Simul ations perfornmed by Wil ff and Rahm (1989) show that a remarkably
smal | nunber of stations is sufficient for the calculation of large-
scale and long-term variations in the Baltic Sea. Since the seasonal
changes in nutrient concentrations are often nore substantial, the
increase in observation frequency seens nore appropriate for the
i nprovenent of the Baltic Mnitoring Programme than the excessive
geogr aphi cal resol ution.

Voi pio and Tervo (1988) studied the influence of the sanpling dates on
nutrient trends in the surface layer of the @ulf of Finland. Since the
nutrient level increases in this layer during the late autum and the
early winter, a delay in the sanpling dates generates trends. For this
reason, trend studies should be perfornmed in the surface layer only in
the later winter, when the nutrient pool is fully developed. These
findings give rise to reconsider earlier conclusions (Baltic Marine
Environnent Protection Conm ssion, 1987a) concerning long-term trends of
nutrients in the @lf of Finland.

Baltic nonitoring data were reviewed by Wil ff and Rahm (1988) with
respect to long-term seasonal, and spatial variations of nutrients. In
contrast to the storage of nitrogen and phosphorus conpounds, the
silicate pool is decreasing in the Baltic Sea in recent decades. The
spring bloom intensified by eutrophication and a subsequent sedinentation
of diatoms are discussed in this connection. Although silicate is only
considered a limting factor in the Kattegat and the Belt Sea, this
nutrient requires nore attention in future nonitoring activities in the
Baltic Sea.

I nvestigations on long-term variations of phosphorus and nitrogen
compounds performed by Yurkovskis (1987) in the Eastern Gotland Sea
confirm the results of the assessnent 1980-1985 (Baltic Marine
Environnent Protection Conmission, 1987a). The increasing phosphate and
nitrate concentrations in the range of the halocline were attributed to
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the anthropogenic inpact. The author also studied the nutrient dynamcs
in relation to the hydrographic conditions, the oxygen reginme and the
bi ogeochemi cal cycle. In this connection, Yurkovskis and Kaleis (1987)
related the river run-off with the salinity and the phosphorus dynanics.
Increasing river run-off weakens the inflow of saline water through the
Dani sh Straits and decreases the salinity in the surface |ayer of the
Central Baltic Proper with a delay of 4-5 years. Independent from the
river discharge, the salinity recently showed stronger decreases bel ow
the halocline as in the surface layer. The river run-off characterized
by positive anomalies since the mddle of the 1970s fluctuates in periods
of 7-16 years. The decrease of the density gradient varying in tine
favours the vertical exchange through the halocline and the phosphate
accurmul ation in the surface layer during the winter. The dynam cs of
phosphorus depend on different factors conplicating the understanding of
the year-to-year variations of this nutrient in the Baltic Sea.

Yur kovskis  (1989) extended the description of phosphat e, t ot al
phosphorus, nitrate and ammonium trends in the central Baltic Sea now
covering the period 1961-1985. His results agree well wth recent
i nvestigations by Nehring and Matth&us (1990) indicating positive overall
trends in the phosphate and nitrate concentrations, which are
characteri zed by decreasing accumulation rates since the |ater 1970s
with the anoxic deep waters as an exception.

Cyberska et al. (1987) analyzed the nutrient situation in the Bay of
Gdaifisk between 1974 and 1983. They identified positive phosphate and
nitrate trends in the surface layer in winter as well as in the deep
water. Interannual and long-termvariations were related to changes in
the hydrographic conditions and the discharge of the Vistula River.

Trzosifiska (1990) studied time series of phosphate (1961-1984) and
nitrate (1969-1984) concentrations from the Gdafisk Deep by neans of
spectral correlation analysis and defined oscillations which took place
i ndependently of the eutrophication. The spectral power functions
i ndi cated that the phosphate concentrations oscillated in cycles of 3,
6 to 7, and 10 to 12 years in the winter surface water and at 80 m and
100 m depths. Periods of 3 to 4 and 5 to 7 years were identified for
nitrate. The 3 to 4 and the 6 to 7 year cycles were attributed to changes
in the atmospheric circulation system creating salinity fluctuations due
to variations in the river outflows and the oceanic inflows, while the
periods of 9 to 12 years seem to be exerted by the periodicity of the sun
spots activity.

Studies carried out by Nehring (1989) in the bottom water of the Gotland
Deep yield a negative trend in the phosphate concentrations. That was
attributed to the decreasing pool of phosphate which can be renobilized
under anoxic conditions from the sedinments orits interstitial waters
(cf. Yurkovskis, 1987). The trend becane positive and was of the sane
order as in the 100 m depth when phosphate concentrations measured in the
presence of hydrogen sul phide were ignored. Positive nitrate and
phosphate trends were also identified in the deep water of the Bornholm
Basin, when values influenced by denitrification or anoxia were excluded.

The ratio of oxygen consunption to phosphate accunul ati on was not wel |
defined in Central Baltic Proper deep waters due to phosphate
renobilization from the sedinments under anoxic conditions (Nehring,
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1989). On the other hand, Shaffer (1987) found a nearly constant ratio
of 318:1 by nole in the well oxygenated isopycnal surface above the
Baltic redoxcline. Earlier investigations by Mijeweski et al. (1976) have
shown that the average ratio of oxygen consunption to phosphate
regeneration due to organic matter deconposition was not very much higher
in the well oxygenated Baltic water (286:1) than the Redfield ratio
(276:1). But there were remarkable regional differences. The nean oxygen
equi valent found for the oxygen depleted Baltic deep waters was nuch
| oner (74:1), denonstrating high efficiency of bottom sedi ments as an
addi tional source of phosphate. The northward increase of this equivalent
ratio inplied that this source was nore effective in the southern than
in the northern areas of the Baltic Proper.

Fonselius et al. (1988) observed a patchy distribution of nutrients
during the spring bloom of the phytoplankton in the Central Baltic
Proper. The al gae consunmed nitrate and phosphate in the Redfield ratio
(16:1, by nols), although the respective nutrient ratio in the Baltic
surface layer is significantly lower during the wnter.

Baltic Marine Environment Protection Conm ssion (1987b) prepared the
first pollution load conpilation of the Baltic Sea using the results of
a questionnaire distributed to the Baltic countries. The total annual
input of nutrients from the drainage area anounted to 528 000 t nitrogen
and 49 000 t phosphorus. This is only a rough estimation, since the
information and data from the separate countries are not strictly
conparabl e and show gaps.

Rénner (1985) studied the nitrogen transformation in the Baltic Proper.
H s budget accounts for a nitrogen loss by denitrification of 470 000 t/a
bel ow the halocline anpbunting to roughly 80% of the nunicipal and
i ndustrial discharges by the river run-off. This result shows that
denitrification counteracts eutrophication.

The residence tinmes of nutrients and humic substances were studied by
Wil ff and Stigebrandt (1989). The overall budgets calculated in this
connection show that about 90% of the nutrient |osses are due to
bi ogeochem cal sinks within the Baltic Sea. This neans that perturbations
in the water exchange with the North Sea should have little effect on the
nutrient budgets of the Baltic ecosystem Uilizing the best avail able
estimates of the supplies as well as the storage changes and considering
the advective transfer between the basins, the authors have been able to
determi ne the magnitude of the internal biogeochem cal sinks of total
phosphorus (37 000 t/a), total nitrogen (880 000 t/a), and silicate (700
000 t/a) in the Baltic Sea as a whole as well as in its subregions. A
sinmple tine dependent nodel for the winter surface concentrations of
total nitrogen and phosphorus in the Baltic Proper was run with estinated
| oading for the period 1950-2000, supplenenting the nodel for the
dynami cs of nutrients and oxygen in Central Baltic Proper deep waters
(Stigebrandt and Wil ff, 1987).

In other sinple nmodels with enpirical nathenatical descriptions, Schrsder
and Mal ngren- Hansen (1988) related the decline of the oxygen
concentrations below the halocline with the four-fold increase in the
nitrogen load of the Baltic Proper during the present century.
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Savchuk (1987) and Savchuk et al. (1989) developed a box nodel of 1long-
term dynamcs of matter which was used to hind cast year-to-year
variations of organic matter, inorganic nitrogen and phosphorus conpounds
and oxygen in the Baltic Sea for the period 1951 to 1982. The numerical
experiments let the authors suggest that the nost inportant reason of the
eutrophication in the Baltic Sea is the increase in anthropogenic |oads
of organic matter and nutrients, while natural changes cause only
background year-to-year variations.

Increasing attention is paid to urea in the Baltic Sea environnent.
Al though its average concentrations are |low in_different areas and
depths, ranging only between 0.3 and 0.5 ymol/dn?, ITm sch (1986) and
Val derrama (1987) identified seasonal variations, indicating that urea
is linked with the biochemcal cycle of nitrogen. Irmsch (1989) proved
that phytoplankton is nuch nore active as bacteria in the transformation
of urea labelled wth radiocarbon.

3.3 REGIONAL ASSESSMENTS OF LONG-TERM VARIATIONS
D. Nehring

The data fromthe Baltic Mnitoring Progranme (BMP) are stored in the
HELCOM Data Base. Using these data the HELCOM data consultant, Prof. M
Perttila, FIMR, prepared figures of the nutrient distribution at BMP
stations for distinct depths, layers and seasons. An exanple concerning
phosphate tine-series at BMP stations in the nost inportant sub-regions
of the Baltic Sea area is shown in Figure 1. Although phosphate is one
of the best studied paranmeters in the BMP, its distribution is often
characterized by gaps nmainly in the surface layer in winter but also in

the year-round data in the deep water. W get simlar or still nore
insufficient figures for the distribution of total phosphorus, nitrate,
total inorganic nitrogen, total nitrogen, and silicate. These gaps

inhibit trend studies. Additionally, the time series available from the
HELCOM Data Base covering only the period 1979-1988 are not |ong enough
to study long-term variations. Therefore, the following trend assessnents
also include national nutrient data.

Trends are studied by linear regression analysis. Cbvious outliers were
not included in the investigations and are enclosed in brackets in the
figures. This is also true for nean annual variation rates (trend
coefficients) with p>0.05 (Student's t-test) in the tables.

Separation between the layer above and below the permanent halocline is
often inmportant for trend analysis in the Baltic Sea Area since
oceanol ogical conditions are quite different in these water bodies.
Nutrient concentrations in the surface layer fluctuate seasonally because
they are linked into the biological cycle. Trend studies of inorganic
nutrients in this layer are therefore nmeaningful only in winter and early
spring when phytopl ankton production is linmted by low light intensity
and nutrient mneralization and seasonal accunulation has finished. The
period suitable for these investigations varies since phytoplankton
devel opment starts earlier in the western than in the central or northern
parts of the Baltic Sea (Kaiser and Schulz, 1989), whereas nutrient
accurrul ation is generally finished in the beginning of January. Trend
studies of total phosphorus and nitrogen do not depend so nmuch from the
season.
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Oxygen conditions have a strong influence on the distribution of
i norgani ¢ phosphorus and nitrogen conpounds in the deep water. N trate
is denitrified in the course of the transition from oxic to anoxic
conditions. Nitrate trend estimtions are therefore inpossible or of
restricted reliability 1in the deep water where conditions are sonetines
anoxic. In addition, if hydrogen sul phide is present, |arge anounts of
phosphate are liberated from the sedinents. Phosphate concentrations
therefore rise steeply under these conditions. Mreover, ammonium is the
final product of nitrogen nineralization and is also renobilized from the
sedi nents under anoxic conditions. These connections, which have been
di scussed conprehensively anong others by Nehring (1987, 1989), nust be
taken into account, when phosphate and nitrate trends are studied in
central Baltic deep waters.

The hydrographic subdivisions of the Baltic Sea area and the BMP stations
used in the following regional assessnments are shown in the nmaps of the
introductory chapter.

3.3.1 The Kattegat
L. A. Jorgensen’

Data collected from the Danish National Environmental Research Institute
in the period 1974-1988 were used for trend studies in the Kattegat. The
winter concentrations include all data between the beginning of January
and the mddle of February. Data up to the end of March are added as |ong
as the phytoplankton spring bloom had not devel oped.

Tables 1 and 2 contain the mean annual accunul ation rates of totai
phosphorus, total inorganic nitrogen conpounds (NO3 + NO, + NH,), and
silicate in the Kattegat according to the periods under investigation.
The rates for nitrogen under winter conditions are very sinmlar for both
the surface layer and the whole water colum. Nitrogen concentrations
show | ow accunulation rates in the deep water considering year-round
dat a.

Trend studies for different periods yield negative nitrogen trends in the
begi nni ng and positive nitrogen trends since about 1982. This supports
the conclusion by Ertebjerg et al. (1981) that eutrophication was not a
problem in the Kattegat area in the 1970s.

Accunul ation rates of the inorganic nitrogen conpounds covering the
period 1983-1988 are characterized by strong variations between the
different stations (Table 2). The nean concentrations for the period
1974-1982 are, however, |ower than those of the l|ast period.

Total phosphorus shows also increasing wnter concentrations (Table 2).
The overall trends are positive at all stations in the Kattegat.

In contrast to phosphorus and nitrogen, w nter concentrations of silicate
decrease in the period under investigation reaching high negative rates
(Table 2) in the whole Kattegat area. The results for the surface |ayer
and for the whole water colum differ insignificantly.
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Mean annual accumulation rates (trend coefficients) of the
inorganic nitrogen conpounds (NGB8 + NO2 + NH,) in the
Kattegat. Period under investigation 1974 - 1988.

Surface layer (O-10 m Deepwater (20m - bottomn
BWP Stations W nter data only year-round data
umol dm yr_1 pmol “dm’ yr -
R 1 (Gniben) 0.42 (0.12)
R 2 (Kullen) (0.35) 0.01
R 3 (Anholt E) 0. 30 0.05
R 4 (Aalborg B.) 0.33
R 6 (Fl aden) (0.35) 0.07
Mean 0. 35 0. 06
Table 2. Mean annual accunul ation rates (trend coefficients) of

total phosphorus, inorganic nitrogen conpounds (NO; + NO,
+ NHy), and silicate in the Kattegat in winter. Wole water
col um.

tot. P NO,+NO, +NH Sio
- -3 -1 372-374 _ 4 -3
BWMP Stations pmol dm ~ yr umol dm” yr pmol dm
1974-1988 1974-1988 1983-1988 1974-1988
R 1 (Gniben) (0.032) (0.41) -0.08 (-0.65)
R 2 (Kullen) (0.035) (0.38) (0.54) (-0.64)
R 3 (Anholt E) (0.038) (0.23) 0. 24 (-0.49)
R 4 (Aalborg B.) (0.048) (0.38) 0.77 (-0.40)
R 6 (Fl aden) (0.055) 0.35 (2.07) (-0.55)
Mean 0. 043 0.35 (0.74) -0.55
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The accunulation rates of total phosphorus and inorganic nitrogen
conmpounds are nearly the sane as in earlier studies in the Kattegat
conparing the values of the surface layer in winter (Baltic Mrine
Envi ronment Protection Conmi ssion, 1987a). |In contrast to the upper
| ayer, recent investigations vyield nmuch lower rates for nitrogen
accumul ation in the deep water.

Long-term variations of phosphate and nitrate covering the period 1964-
1987 were studied by Engstrém and Fonselius (1989) using data of the
Kattegat Station Fladen (BMP R 6). Taking only values from the w nter
nonths, the concentrations of both nutrients are significantly increasing
in the surface layer (Fig. 2 a,b). The nmean accumulation rate being there
in the period under investigation _ was approximately 0.017 umol dm
yr- for phosphate and 0.21 umol dm yr'1 for nitrate. The increase in
the deep water of this station (Fig. 2 c¢,d) was nmuch lower. The
accurrul ati on rates of phosphate and nitrate in winter are roughly half
as high with respect to total phosphorus and inorganic nitrogen conpounds
at the Kattegat stations studied above.
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Figure 2. Phosphate and nitrate trends from daily nean values in the

surface layer (0-5 m) in winter (a,b) and in the deep water
(60-bottonm) during the whole year (c,d) at the Kattegat
Station Fladen, BW R6 (by Engstrdm and Fonselius, 1989).
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3.3.2 The Belt Sea

H. P. Hansenz, L.A. Jorgensen3, D. K6rner4 and D. Nehring1
The Belt Sea includes the Danish Straits, the Kiel Bay and the Bay of
Meckl enburg. One data set used for the following trend analysis in the
Belt Sea comes from the Danish National Environmental Research Institute.
The investigations were performed under the sane suppositions as
described for the Kattegat.

The results summuarised in Tables 3 and 4 differ not so much fromthose
of the Kattegat. Accunulation rates of the inorganic nitrogen conpounds
and silicate in winter are very simlar in both areas. Positive trends
of the nitrogen conpounds studied have also been observed in the Belt Sea
since about 1982. Silicate concentrations are decreasing in the period
under investigation. In contrast to the Kattegat the accumulation rates
of total phosphorus strongly variate at the different station5 in the
Belt Sea. For this reason the rates of total phosphorus are hardly
conparable with the results of the First Periodic Assessnent (Baltic
Marine Environment Protection Conm ssion, 1987a). No clear changes in the
accurul ati on rates of the inorganic nitrogen compounds have been found
in this respect.

The data conpiled to assess the Kiel Bay include BMP data as well as
nati onal data from Deutsches Hydrographisches Institut (Hanburg),
Institut fiir Meereskunde (Kiel) and Landesant fiir Wasserhaushalt und
Kusten (Kiel) for the BMP stations N1 (952 Fehmarnbelt), N3 (Kieler
Bucht) and N4 (450) and the national station "Boknis Eck". The four
stations show corresponding trends in nutrient5 wth only mnor
differences in magnitude. This has been shown already for the period 1957
to 1975 by Babenerd (1980). Thus, the trends for the Kiel Bay have been
conputed on the basis of the conbined data of four stations. Wnter
conditions studied in this area are restricted to January and February.
The nean nutrient concentrations in the surface |ayer between 0 and 10
m depth were used for the investigations.

Figure 3 shows the devel opnment of phosphate and inorganic nitrogen (NO4
+ NO, + NH,) concentrations. Some of the nitrogen values before 1975 had
to be calculated from reported nitrate concentrations and neans of
ammoni um and nitrite as determ ned for corresponding nonths of other
years. The calculated trends for the last decade are weak and
insignificant. The general feature for the period 1960 to 1989 is simlar
to other areas of the Baltic Sea. Starting with |ow values in the 1960
to 1970 decade, we find a drastic increase in concentrations between 1970
and 1980 followed by a period of relatively high levels but insignificant
trends. Total phosphorus and silicate concentrations show weak negative
trends for the 1980 to 1989 period (Fig. 3b). The nean annual
accumul ation rate5 <calculated for the overall trends are 0.02 umol
dm ~ for phosphate and 0.26 wmol dm > _for inorganic nitrogen for the
period 1960 to 1989, and -0,07 umol am™3 for total phosphorus and -0.24
Hmol dm™3 for silicate for the period 1979 to 1989.

Data from the seasonal cruises of the Institute of Marine Research in
Rest ock-Warnenii nde were analyzed with respect to nutrient trends in the
Bay of Mecklenburg wusing the nean wnter concentration5 in the
honmogeneous surface layer. Figure 4 shows the |long-term variations of
phosphate and nitrate covering the period 1971-1989. Both nutrient5 are
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characterized by positive trends. Accumulation rates of 0.014
pmol °dii> yr~1 for phosphate and 0.13 pmol’ an yr - for nitrate were
calculated with respect to the overall trends. These rates are lower as
in earlier studies (Nehring and Francke, 1985) depending on the
insignificant_ phosphate changes and the negative nitrate trend (-0.26

1990

pmol dm~3 yr~} in the period 1980-1989. No phosphate and nitrate trends
could be identified in the deep water of the Bay of Mecklenburg in the
period under investigation.
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Figure 3. Nutrient trends in the Kiel Bay (Jan - Feb, 0-10 m depth),

4 stations pooled

a. inorganic nitrogen and phosphate concentrations from 1960
to 1989,
b. silicate and total phosphorus concentrations from 1979 to

1989.
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Table 3. Mean annual accunulation rates (trend coefficients) of the
i norgani ¢ nitrogen conpounds (NO4 + N2 + NH, ) in the Belt
Sea from 1974 - 1988.

Surface layer (O-10 n Deepwater (20 m - bottom
BW Stations W nter data only year-round data
pmol dis yr~1 pmol “dii yr~
P 1 (Halsskov Rev) (0.45) (0.11)
Q 2 (Ven) (0.42) (0. 26)
N 4 (Kjiels Nor) (0.50) 0.13
N 1 (Fehmarn Belt) 0.45 0.15
M 1 (CGedser Rev) 0. 25 0.08
Mean 0.41 0.17
Table 4. Mean annual accunulation rates (trend coefficients) of

total phosphorus, inorganic nitrogen conmpounds (NOg + NC2
+ NH,), and silicate in the Belt Sea in wnter (whole water

col um) .
tot. P NO,+NO,+NH Sio
i . - 3 2_3 4 . L . -
BMP Stations umol dm -3 yr 1 umol S yr 1 umol* dm -3 yr 1
1974- 1988 1974-1988 1983-1988 1974- 1988
P 1 (Hal sskov Rev) (0.38) (0.41) 0.51 (-0.38)
Q 2 (Ven) (0.03) (0. 45) 0.08 (-0.69)
N 4 (Kjels Nor) (0.07) (0.47) 0.04 (-0.41)
N 1 (Fehmarn Belt) (0.01) (0.45) 0.17 -0.57
M 1 (CGedser Rev) (0.27) (0.26) 0.54 (-0.27)

Mean (0. 26) 0.41 (0.31) -0. 46
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3.3.3 The Baltic_Proper
D. Ne‘hrrng1

The Baltic Proper conprises the Arkona Sea, the Bornholm Sea and the
Gotland Sea. Although the Gdafisk Basin and the Wstern Gotland Sea bel ong
to the last one, they were separately studied due to the responsibility
of different scientists (cf. sub-chapters 3.34 and 3.35).

Most of the data used in the following trend studies were collected
during nmonitoring cruises, undertaken by research vessels of the
Institute of Marine Research, Restock-Warneniinde, which have covered the
Baltic Proper since 1969. Results from other routine cruises published
by Swedish and Soviet institutions and of the International Baltic VYear
1969/1970 represented additional sources of data (cf. Nehring and
Matthius, 1990). These permit the study of changes in the phosphate
concentrations back as far as 1958.

Sub-trends were calculated in addition to overall trends, mainly to
differentiate between the periods preceding and following the |ast nmajor
Baltic inflows during the winters 1975/1976 and 1976/1977. The phase |ag
of water renewal which corresponds to the distance from the entrance to
the Baltic Proper (Darss Sill) and exceed one year, was taken into
account by Nehring and Matthaus (1990), when calculating the sub-trends
for the different basins.

The anount of data characterizing winter conditions varies in the Baltic
Proper. Measurenents made between md-January and nid-April can be used
for trend analysis in the south-eastern part of the Gotland Sea. In the
Arkona and Bornholm Seas it was decided in each case whether the nutrient
concentrations nmeasured in March/April were still representative of the
winter situation or had already decreased owing to the spring devel opnent
of the phytoplankton. The period under investigation includes also the
winter conditions in 1989.

Regional differences in winter concentrations in the surface |ayer of the
of fshore Baltic regions are generally slight. As in earlier studies
(Nehring, 1985), the values neasured at all stations in a given sea area
could therefore be treated as a uniform data set (cf. Wil ff and Rahm
1989). Regional differentiation was nevertheless undertaken between the
Arkona and Bornholm Seas and the south-eastern Gotland Sea.

The mean nutrient concentrations were calculated for the honpbgeneously
m xed surface layer in wnter and used in the following trend
i nvestigations. The thickness of the m xed winter surface |ayer varied
between 10-30 min the nore shallow Arkona Sea and 50-60 m in the basins
of the Central Baltic. Its extend is also affected by actual hydrographic
conditions. Between 1958 and 1966 only surface values were published and
used in the trend calculations.

Figure 5 shows characteristic sub-trends and the overall trends for
phosphate and nitrate concentrations in the surface |ayer of the south-
eastern Gotland Sea. Sinilar figures, but with data nore scattering
around the regression lines, were published by Nehring and Matthidus
(1990) for the Arkona and Bornhol m Seas.



587
).)molldm3
0.7
06— . Stot.BY 15A
0 Stat. BY 11 B
0.54 =« Stat. BY 10B
4 Stat. BY 9A
04-] o Stot.BCS Iif 10
» Stat. BY BA
0,3 -
. N A
024 ¢ ° t
) . .
. . !
0,1
0 L T T T T T T T T T T 7 T T T T T H T T T T T T T T L T T
1958 1960 1965 1970 1975 1980 1985 1390
{#B4)
G ] 3 1
pmolidm . 4
S 8 o
P -
4 o
: i R -
& . a é;‘
34 1 a
2 —
L
1 e
0 T T T T T T T T T T T T T T T T T,
1965 1970 1975 1980 1985 1330
Figure 5. Nutrient trends in the surface layer of the south-eastern
Gotland Sea in wnter, Station BY 15 = BMP J1; Station
BCS |11 10 = BMP K1 (Nehring and Matth&dus, 1990).

Positive overall phosphate and nitrate trends which are significant by
t-test were identified in the surface layer of all regions under
i nvestigation. Regional differences of the overall trends and the sub-
trends for the different regions were slight in nost cases, as shown by
the mean annual accunulation rates in Table 5. The rates of the nutrient
increase in the separate periods, however, was characterized by great
differences. The rapid increase from 1969 to 1978 in all areas under
i nvestigation was followed by a period in which the accunul ation rates

of phosphate and nitrate were nuch lower. In many cases the changes were
no longer significant and winter concentrations are marked by
consi derable short-term variations (Fig. 5. |In the Arkona Sea, the

nitrate concentration even decreased slightly, on average, between 1978
and 1989 (Table 5).



Tabl e 5. Mean annual accunulation rates (trend coefficients) of
phosphate and nitrate in the surface |ayer of the Baltic
Proper in wnter.

. . PO,

Regi ons Peri ods ngldm_3 yr'l ﬂgﬁl a3 yr'l

Central Arkona Sea 1969- 1978 0. 043 0.21

(Stat.BW K7=BY1, 1978- 1989 (0.006) (-0.02)

BMP K4=BY2,102, 1965-1989 0.13

103,110,111 1964- 1989 0.021

BMVP K5=113)

Central Bornhol m Sea 1969- 1978 0. 046 0. 15

(Stat.BY4,BMP K4=BY5, 1978-1989 (0.003) (0.04)

BY6, 214) 1965- 1989 0.13
1958- 1989 0.021

Sout heastern 1958- 1968 0.012

Gotland Sea 1969- 1978 0. 041 0.23

(Stat.BY8,BMP Kl= 1978-1989 (0.004) (0.01)

BCS Il 10,BY9,BY10, 1965- 1989 0.13

BY11l,BMP J1=BY15) 1958- 1989 0.018

The positive overall trends in the winter surface |layer covering the
periods 1958-1989 for phosphate and 1968-1989 for nitrate therefore
result mainly fromthe considerable nutrient increase between 1969 and
1978. The trends in the Arkona Sea, the Bornholm Sea, and the Eastern
Gotland Sea are interrupted by decreasing phosphate and nitrate
concentrations from 1976 to 1980 and 1984 to 1989.

The deep water of the Arkona Basin is seasonally renewed. No phosphate
and nitrate trends have been discovered in this |ayer.

Stagnation prevails in the deep water of the Central Baltic Proper basins
beneath the permanent halocline. Conditions nmay be oxic or anoxic,
depending on the depth and on water renewals.

The Bornholm Basin is the npbst western sub-area of the Baltic Proper
containing stagnant deep water which is not annually renewed. The
t hi ckness of the stagnant water body is slight in this basin and
characterized by the occasional formation of hydrogen sul phide.
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When calculating the phosphate and nitrate trends in the deep water of

the Bornholm Basin, a distinction was made between values that definitely
reflected the influence of anoxia and those that were affected little or
not at all by anoxic conditions (cf. Nehring, 1989). For this reason the

threshold concentration of 3 umol dm_3 was chosen for phosphate. In
addition, the trend was also calculated for all observations. In the case

of nitrage, the trend calculation was based only on values above 2
pmol dm*”,

The long-term variations of parameters in the near-bottom water layer of
the Bornholm Deep are presented in Figure 6. No sub-trends were
identified in the distribution of phosphate or nitrate. Both nutrients
exhibit positive overall trends that are significant (Table 6). The
phosphate trend is mainly governed by the release from the sediment (PO,
> 3 umol dﬁ3) associated with the more common occurrence of anoxic
conditions since the mid-seventies. Phosphate accumulation, however,
which can be considered a direct consequence of eutrophication and is
characterized by the trend of the phosphate values < 3 umol dm'S, is much
lower.
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Figure 6. Nutrient trends in the near-bottom water layer of the

Bornholm Deep, Stat. BY 5 = BMP K2 (Nehring and Matthius,
1990).
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Anoxi ¢ conditions have been recorded rarely, if at all, at a depth of 100
min the Gotland Sea. Hydrogen sulphide is encountered nore frequently,
however, as the depth increases. The long-term variations under
predom nantly oxic and anoxic conditions, respectively, are shown in
Figures 7 and 8 for selected depths below the halocline in the Gotland
Deep. According to Nehring and Matthdus (1990) simlar figures are
available for the Fard Deep.

Two periods with different trends were distinguished not only for
nutrients but also for salinity and oxygen (cf. chapters 1 and 2, cf.
Nehring and Matthdus, 1990). The different paraneters also vary
individually in both tine and depth. The phosphate and nitrate
concentrations increased rapidly, on average, at a depth of 100 m at the
begi nning of the investigations, whereas the trend during the second
period, which started between 1976 and 1978, was | ess pronounced (Fig.
7) and, according to the t-test, sometimes insignificant (Table 6).

Changes in phosphate concentrations related to the different stagnation
peri ods becone increasingly apparent at depth greater than 150 m They
are superinposed on the long-term variations and are encountered
particularly in the near-bottom |ayers where oxic and anoxic conditions
alternate. In the Gotland Deep (Fig. 8) a decrease that was insignificant
according to the t-test was observed at the beginning of the period
studied (Table 6, 200 nm). The period from 1977 to 1988, however, was
characterized by a major increase in phosphate concentrations. This trend
mainly results from the renobilization of phosphate by reduction of the
iron hydroxo conmplex in the sedinments caused by the increasing hydrogen
sul phide concentrations (cf. Chapter 2) and consequently the decreasing
redox potential. Relations to the recent long-lasting stagnation period
are obvious. The overall trend in the near-bottom water |ayer was
insignificant at this station.

The nean annual accunulation rates (trend coefficients) of phosphate and
nitrate sunmarized in Tables 5 and 6 show relatively snmall differences
in the separate regions of the Baltic Proper. Wth respect to the surface
layer in winter, this means that the changes in the trophic |evel,
characterized by the nutrient concentrations are quite simlar in all
areas under investigation. This is also true in the trend behavi our of
phosphate and nitrate in the separate deeps, although differences exist
in the nean annual variation rates. Exceptions are the western basins of
the Baltic Proper. No trend has been discerned in the deep water of the
Arkona Basin, because of its seasonal water exchange. The near-bottom
water layer in the Bornholm Basin is rather often renewed in conparison
with the Eastern Gotland Basin which is characterized by predom nating
stagnant conditions below 125-150 m depth since the last major inflow in
1976/1977. For this reason, no sub-trends in phosphate and hydrographic
paranmeters (Nehring and Matthius, 1990) could be identified in the deep
water of the Bornhol m Basin.
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Table 6. Mean annual accunulation rates (trend coefficients) of
phosphate and nitrate in central Baltic deep waters.

BMP Stations Dept hs  Peri ods PCA .3 1 NC3 .3 -1
m umol dm © yr umol dm * yr
K2 85-89 1958-1978
(Bor nhol m Deep, 1976- 1988
BY 5) 1958- 1988 0.021 (<3)
(0.046, >3)
0.120 ¢ 3)
1965- 1988 0.17(<2)
J1 100 1958- 1976 0.086
(Gotland Deep, 1968- 1976 0.21
BY 15) 1977- 1988 (0.021) 0. 15
1968- 1988 0. 26
1958- 1988 0. 054
200 1958- 1976 -0.086
1977- 1988 0.414
1958- 1988 (0.028)

Salinity is continuously decreasing in the Baltic Proper since the |ast
maj or inflows of highly saline water in the late 1970s (Chapter 1, cf.

Nehring and Matthdus, 1990). Although the wi nter concentrations of
phosphate and nitrate are no longer increasing, on average, in the
surface layer, the close positive correlation between these nutrients and
the salinity observed in earlier investigations (Nehring 1985, Baltic
Marine Environment Protection Commission, 1987a) do not |onger exist in
recent times.

Trends of total phosphorus and silicate covering the period between 1974
and 1988 were studied by Jorgensen (1989, Danish National Environnental
Research Institute, unpublished) in the Arkona Sea in winter. The results
basing on the nean concentrations in the whole water colum are
summarised in Table 7.

The accunul ation rate of total phosphorus is nore than twice as high as
that of the overall phosphate trend nentioned above (Table 5) for the
winter surface layer in this region.

Silicate concentrations are decreasing, on average, in the Arkona Sea.
The trend coefficient of this nutrient is roughly half as high in
conmparison with those in the Kattegat and the Belt Sea.
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Table 7. Mean annual accunul ation rates (trend coefficients) of
total phosphorus and silicate in the Arkona Sea in wnter
from 1974-1988 (L.A. Jorgensen, unpublished; whole water

col um) .
i tot. P sio
BWP Stations o._3 1 14_3 1
pmol “dm” yr pmol dm ~ yr
K 6 (Stevens) 0. 041 -0.19
K7 (BY 1) 0. 061 -0.29
Mean 0. 051 -0.24
3.3.4 Gdaiisk Basin

A. Trzosifska

The Gdafisk Basin was studied on the basis of data collected by the
Institute of Meteorol ogy and Water Managenent in Gdynia, Poland. Trend
studies on the nutrient accunulation were carried out at Station BW L1
(Gdanisk Deep = P1) well representing the deep water area of the Gdafisk
Basin. Phosphate concentrations have been neasured from 1961 at this
station, whereas nitrate and silicate data are available since 1969.

The winter conditions in the surface |layer were characterized by neasure-
ments from the beginning of January to March, 20th. It has been checked
that trend calculations carried out for the layer O-10 m (Table 8) and
for the layer O-40 m (Baltic Marine Environnent Protection Conm ssion,
1987a) led to the same findings. The results of the trend studies in the
winter surface layer are summarized in Figure 9 and Table 8.

Studies on the phosphate accumulation in the winter surface waters yield
two sub-trends being positive in the period 1961-1977 and negative in the
period 1978-1988. The high accurmulation rate in the first period is
responsible for the positive overall trend.

Nitrate concentrations are increasing, on average, in the wnter surface
| ayer of the Gdansk Deep from 1971to 1988. The overall trend of silicate
concentrations was negative in the period 1969-1988, irrespective of the
season. No significant sub-trends could be identified for both nutrients.

Figure 10 and Table 8 show that nitrate and silicate concentrations in
the internmedi ate water |ayer with permanent oxic conditions (80 m are
characterized by a simlar trend behaviour as in the winter surface
| ayer. Wiereas the sub-trends of phosphate also agree in both layers, the
overall trend is negative thus deviating in this case fromthe surface
| ayer.
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Tabl e 8. Mean annual accumulation rates (trend coefficients) of
nutrients (umol® dm yr'l) in the Gdansk Deep (Stat. BMP
L1 = P1l; only winter concentrations were used in the layer
O 10 m depth, except for silicate during 1969-1988 and
total phosphorus).

Peri ods Dept hs/ m PO, Piot NO4 $i0, Remar ks
1961- 1977 0 10 0.027

1978- 1988 0 10 -0.016

1961- 1988 0 10 0. 007

1979- 1984 0 10 ( 0.031)

1985- 1988 O 10 (-0.003)

1979- 1988 0 10 -0.017

1971- 1988 0 10 0.15

1974- 1988 0 10 -0.54

1969- 1988 0 10 -0. 42

1961- 1976 80 0.123

1977- 1988 80 -0.058

1961- 1988 80 -0.018

1979- 1988 80 -0. 124

1969- 1988 80 0. 15 -1.58

1961- 1976 100-108 0.342

1977- 1988 100-108 -0. 144 ( 0.48)

1961- 1988 100-108 ( 0.032)

1979- 1988 100-108 (-0.112)

1980- 1988 100-108 (=0.29)

1969- 1988 100-108 ( 0.06) -1.24

1961- 1976 100-108 0.134 ”z0
1977- 1988 100-108 (- 0. 055) %2 > 0
1961- 1988 100-108 0.028 0, 2 0
1969- 1979 100-108 0.32 0, 2 0
1980- 1988 100-108 0.43 02 20
1969- 1988 100-108 0.28 -1.22 02 20
1977- 1988 100-108 1.43 0, 20

Oxic and anoxic conditions alternate in the near-bottom water |ayer (100-
108 m) of the Gdainsk Deep. The results of the investigations in this
layer are shown in Figure 11 and Table 8. In the presence of oxygen, the
sub-trends of phosphate were positive in the period 1961-1976 and
negative in the period 1977-1988, generating a positive overall trend.
The results are simlar, but insignificant by t-test for the overall
trend, when phosphate concentrations neasured under oxic and anoxic
conditions were used.



132

A strong positive overall trend in nitrate concentrations was identified
in the near-bottom water |ayer when excluding neasurenents perfornmed
under anoxic conditions. Sub-trends do not differ very nuch from that
trend. In agreenent with the trends in the other layers, silicate
concentrations are also generally decreasing in the bottom water.
Significant accunulation of silicate can be found there for the present
stagnation period, provided that only oxic conditions have been taken
into account (Table 8).

Concentrations of total phosphorus studied in the CGdaiisk Deep since 1979
generally follow the trend behaviour of phosphate in the different water
layers during the period under investigation (Figs. 9-11, Table 8).

The degree to which the surface waters of the Bay of Cdaiisk are affected
by the river run-off depends on river outflow and water circulation
i nposed by the neteorological conditions (Cyberska and Krzymifiski, 1988).
It happens, however, very rarely that Vistula R ver water can be traced
in the Gdaiisk Deep area.

Wiereas the close positive correlation between phosphate concentrations
and salinity continues recently in the winter surface |ayer of the Gdafsk
Deep (cf. HELCOM 1987a), nitrate differs in this respect, because in the
period 1978-1988 the declining salinity (-0.046 o/oo annually) was
acconmpanied by increasing nitrate concentrations.

The mean 5-year anplitude between the w nter maxi mum and the spring
mnimum in silicate concentrations anmounts to 12-18 umol dm~3 dependi ng
on the distance from the Vistula River nouth (Trzosiiiska, 1990). the
extremely high concentrations of this nutrient neasured in the area of
the Gdaiisk Deep in the beginning of 1974 and 1975 as well as in early
spring 1988 (Fig. 9) were probably connected with the river run-off.

The decreasing accunul ation rate of nitrate and the negative overall-
trend marked in the phosphate, t ot al phosphor us and silicate
concentrations in the intermediate water |layer, identified recently not
only in the Cdaiisk Deep but also in the Central Baltic basins (cf. sub-
chapter 3.33) are probably caused by intensified vertical mxing, which
is also reflected by the inprovenent of the oxygen conditions (cf.
Chapter 2). Variations caused by these processes in the nutrient
distribution were even nore pronounced in the near-bottom water |ayer
with alternating oxic and anoxic conditions. They are also favoured by
the decreasing salinity (cf. Chapter 1) facilitating the advective water
exchange in the Cdaiisk Deep.

The elimnation of the data neasured in the presence of hydrogen sul phide
confirmed the direction of the phosphate trends but |owered considerably
the mean annual accunulation rates. The overall trend of phosphate
identified in the bottom water of the Gdafisk Deep during oxic conditions
was well comparable with those for the Bornholm and Gotland Deeps
(Nehring, 1989), whereas the nitrate trend was nore pronounced in
conmparison with the respective trend in the Bornhol m Deep.
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3.3.5 Western Gotland Sea
F. wulffd

The Western Gotland Sea includes the BMP stations Landsort Deep (H 3 =
BY 31) and Karlsd Deep (I 1 = BY 38). The surface distribution of both
inorganic and total nitrogen as well as total phosphorus studied in
wi nter show increasing concentrations for the entire period at the
Landsort Deep whereas the silicate concentrations are decreasing (Fig.
12a). The same trends can be seen below the halocline at 100 m (Fig.
12b) and at 400 m (Fig. 12c) but are nodified by the changing
hydrographic and oxygen conditions. Here, nitrate maxi ma and phosphate
mnima are found in Septenber 1978 and Cctober 1985, after the intrusion
of oxygenated water nasses (cf. Chapters 1 and 2).

The same trend behaviour but less clear as that in the Landsort Deep was
found in the surface |layer of the Karlsé Deep in winter. None of the
stations in the Wstern Gotland Sea show any decreasing trends in
phosphate and nitrate concentrations. At 100 m depth, no clear trend in
t he phosphorus fractions can be seen whereas both inorganic and total
nitrogen are increasing and silicate is decreasing but wth a
consi derable scatter due to variable oxygen conditions in the deep
wat ers.

3.3.6 @l f of Bothnia
F. wulff® and M perttilz®

The Gulf of Bothnia includes the Aland Sea, the Bothnian Sea, and the
Bothnian Bay. In the Aland Sea (BWP D1 = F 64) the short sanpling period
and limted frequency make it difficult to discern any clear trends in
wintertinme surface concentrations (Fig. 13a). However, at 200 m depth
where data for a longer period are available (1959-1988) there are
positive trends in both phosphate and total phosphorus or nitrate and
inorganic nitrogen concentrations (Fig. 13b). The trend for (decreasing)
silicate concentrations is |ess pronounced. The same conclusions hold for
the surface water observations from the Bothnian Sea (BMWP C4 = SR 5) as
well (Fig. 14a). At 100 mdepth (Fig. 14b), the nitrate concentrations
have increased about 3 tines and the phosphate concentrations have
doubled in this area during the last 20 years.

Cceanographic operations are difficult and expensive in ice-covered
areas. This is at |east one reason for the restricted pool of nutrient
data neasured in the northernnost parts of the Baltic Sea in winter.

The observations from the Bothnian Bay (BMW Al = F 2) in the HELCOM data
base are too few to discern clear long-term wintertime trends. However,
the nitrate trend including data fromall seasons is very clear at 30 m
depth (cf. Fig. 17). WiIff and Rahm (1988) showed that silicate
concentrations have decreased and that total anmounts of nitrogen have
increased, particularly during summer if the total mean amounts for 1971-
1981 are conpared. No clear trends for phosphorus fractions are obvious
in this analysis.



37

1 ! N A\
Phosphate Total
A Phosphorus A A
75T 754
A A N A @gﬁ @&&@&\é A
5T é A%%M A O 5t
.25%@ 251
0 t g } T T T 0 T T T T T t
1959 1969 1979 1989 1959 1969 1979 1989
10 10 - -
Nitrate A Total inorganic A
4 1 nitrogen A
8 8 A
A
6t ot A A
iy & 2
4T 4T VAN
Ao A iR A,
2T & é 21 A AL
S A
= -
0 't } 4 t $ 0 } t } } i !
1959 1969 1979 1989 1959 1969 1979 1989
30 ” 30
Silicate Total A
A A nitrogen
i
20T ARAC) 20
. Ay %ﬁﬁ
A AD Dy
A ﬁ A
10T 10°
0 T T T T T T 0 T T T T T }-
1959 1969 1979 1989 1959 1969 1979 1989
Figure 12a. Long-term variations of nutrient concentrations at the

Station Landsort Deep (BMP H3 = BY 31); winter
concentrations (15 Jan - 15 Apr) in the surface layer (0-
12 m).



[

Phosphate
4+ VA
:
4 VAN /\
| g
AR
2T A
i A4
0 t t i t } t
1959 1969 1979 1989
v
Nitrate
8T A
JAVAN
6_-
VAN A
4t A%%
T AZY
o t } b t
1959 1969 1979 19¢
100
80T
60T
4071
201
0 T T T T T T
1959 1969 1979 1989
Figure 12b.

Station Landsort Deep (BMP H3
(year-round

data).

[«9)

5
Total
4t phosphorus
FAWAN
I
2}
1-+
0 T i i ! T 1
1959 1969 1979 1989
lo-
b Total A =,
4 /4 inorganic W
8 [‘ nitrogen 7\ f’%
6-1 . Zﬁjﬁ FAY
A A A AL\LA
1 g i
Yfm
21 % A A
o } i } } i t
1959 1969 1979 1989
40
Total A
nitrogen
30T
2071
10T
0 } t t } t t
1958 1969 1979 1989

Long-term variations of nutrient concentrations at the

= BY 31) at 100 m depth



Phosphate

1969

1979 1989

3—.-

Nitrate

JARAY
VA AA
QAA

ab ‘ﬁ 44 A
A,AA'{{/AA'!LA_ ST

LA
P

A S

1959 1969 1979 1989
100 ,
Sili A A
||catz\ A
ol e
60T & A ﬁ A
JAY
4071 a o AN DD
\
, .
207 = 2
0 } t t { f T
1959 1969 1979 1989
Figure 12c.

Station Landsort Deep (BWP H3

(year-round data)

139

Total
phosphorus
a1 5
R A5 L
& e A

2-..-

0 } 1 T f i :
1959 1969 1979 1989
12 Total

ota
inorganic A A
o9t Anitrogen g ?&
i AA
64 N
S n A%

5| R

0 N % ff $—i
1959 1969 1979 1989
folv]

Total A
40T nitrogen

307
20 O %@

1 /A

10 P

o
1959 1969 1979 1989

Long-term variations of nutrient concentrations at the
BY 31) at 400 m depth



140

5 2
Total
N Phosphate 1 61 phosphorus VA
31 1.2T1
A ééﬁ L A
21 8T
1 4T A é é
0- ; i ; ; 01 . . ; ;
1969 1979 1989 1969 1979 1989
5 5
Nitrate A Total A A
at A a4+ inorganic
A nitrogen
3t 3T A
A /. &
2T 2T
1T T
0 ; } : } 0- . . ; :
1969 1979 1989 1969 1979 1989
40 — 30
Silicate Total A
nitrogen
30T A
20T M4
20+ APD A
L 10T
10T
0 { 4 } { 0 : ! ! '
1969 1979 1989 1969 1979 1989
Figure 13a. Long-term variations of nutrient concentrations in the

Aland Sea (BMP D1 = F 64); wi nter concentrations (1 Jan -
31 Mar) in the surface layer (012 m.



14

2 2
Phosphate Total
16+ Phosphorus
1.5T ‘
a rs
1--
4 2 A 8T
1 A \ j
0+ } i t t t 0 } t t } {
1959 1969 1979 19 9 1959 1969 1979 1989
~ R 8 . .
Nitrate AR Total inorganic
A nitrogen %
6—.—
Al %@A A
A %& 41 A % %%
2T LA AA A Ag%ﬂ
/A A 2T v
/ﬁ‘ Pl A
0 — = ; . 0 } " : : :
1959 1969 1979 1989 1959 1969 1979 1989
ou 30
Silicate Total
A nitrogen
4071 A 20
LA
LTAD
20T VANRVAN 1 0}
AR A&
0] t t t t 1 0 1
1959 1969 1979 1989 1959 1969 1979 1989
Figure 13b. Long-term variations of nutrient concentrations in the

Aland Sea (BMP D1 =

F 64) at

200 m depth (year-round data).



Phosphate

1959 1969

Nitrate

1959 1969

107

Silicate

Figure 1l4a.

1959 1969

Long-term variations of nutrient
Bot hnian Sea (BW C4

Total

s+ Phosphorus

- 31 Mar) in the surface layer (0-12 m).

A
.6-- n %
4 " e
2+
0 1
1959 1969 1979 1989
Total inorganic
nitrogen n
i A
4t A@@
JANIVAN A
AR
27 A
0 t T T 1 1 t
1959 1969 1979 1989
30
Total A
nitrogen N ﬁ@
AD
10T
0 } } + t + }
1959 1969 1979 1989

concentrations in the
SR 5); winter concentrations (1 Jan



143

1 1
Phosphate Total AN
1 Phosphorus A
8t 8 A
o s ab 0200
Yoaa B 2
A+ A A .4-r N
A L
21 A A D 24 A &
A
0 —+ 4 + 4 + 0 —t -+ + t
1959 1969 1979 1989 1959 1969 1979 1989
8 8 : :
Nitrate Total inorganic
nitrogen
o 4
g a
4T 41
b a8
O A : A
2t A A 27
A JAY
A
0 — -t + . + 0 —t -+ -+ t —+
1959 1969 1979 1989 1959 1969 1979 1989
> Silicat 40 Total
ilicate ota
401 £ nitrogen A
| N 30t
A
30T A AA
AN A % 20T 0 A@%
20T
S i\ . AA%AA
4
10T A !
0 +—+ f : [ 0
1959 1969 1979 1989 1959 1969 1979 1989
Figure 14b. Long-term variations of nutrient concentrations in the

Bothnian Sea (BMP C4

data).

SR 5) at 100 m depth (year-round



144

Additional information on the developnment of the nutrient conditions in
the Gulf of Bothnia is available by Perttild (1989). The basis of his
studies is the regular nonitoring of hydrochem cal parameters in this
area carried out by the Finnish Institute of Marine Research, Helsinki,
since 1966.

Perttild could show that omtting the low sunmmer values nitrate
concentrations are increasing in the surface |layer of the Bothnian Sea
(Fig. 15). This trend is difficult to analyse quantitatively because of
| arge variations owing to the irregular sanpling tinme. However, in the
deep layer of this area, the trend is evident (Fig. 16). Since the early
1970s, the deep water pool of nitrate characterised dy the concentrations
in 80 mdepth has increased from about 2 wmol dm > to 6 umol “dR? in
1987.

The nitrate trend including data throughout the year is very clear at 30
m depth in the Bothnian Bay (Fig. 17). The nean annual accunulation rate
of nitrate is 0.22 umol dm ~ In this depth.

The summarised results show that except for seasonal variations phosphate
concentrations have remamined at the same level in the entire @ulf of
Bot hnia since 1978. Nitrate concentrations have increased in both the
surface layer and the deep water in the @Qlf of Bothnia. In the Bothnian
Bay, the accunmulation of this nutrient is quite steady generating a
significant trend in the surface layer. The trend studies were not
restricted to winter conditions but also include data of the biologically
active season, because nitrate is not the limting factor for primry
productivity in this area.

3.3.7 Gul¥ of Finland *

No special studies on nutrient trends are available for the Gulf of
Finland. Some new results covering this problem are, however, published
by Kahnma and Voipio (1989) and considered in the followi ng. =)

After calculating the nmean seasonal distribution using all data available
for the respective nutrients in the period 1966-1988, Kahma and Voi pi o
(1989) determined the deviations from the nean seasonal concentrations.
Figure 18 shows the residuals of the nmean phosphate, total phosphorus and
nitrate concentrations in the layer O50 m at BWP Station F3 (LL7) well
representing the conditions in the entire @lf of Finland.

Whereas the increase of the phosphate concentrations was statistically
insignificant, positive trends have been identified in the concentrations
of total phosphorus and nitrate. The mean annual accumul ation rate was
1.4 % for total phosphorus and 3 % for nitrate.

The nutrient accumulations are lower as assumed in earlier investigations
in the &aulf of Finland (Baltic Marine Environment Protection Conmi ssion,
1987a). The mmin reason for this was identified by Voipio and Tervo
(1988) in the uneven distribution of data representing the wnter
condi ti ons.

*) summarized by D. Nehring
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3.3.8 @l f of Riga
A Yurkovskis5 and M Mazmachsx5

Studies on long-termtrends have been carried out in the GQulf of Riga
using the data base of the Baltic Fisheries Research Institute in
Riga/USSR. Figure 19 shows the results for a central station well
representing the situation in the entire Qilf.

The winter concentrations of total phosphorus and nitrate are increasing
in the surface layer (Fig. 19 a, b). The nitrate accumulation is roughly
70 tinmes higher than phosphate. This is attributed to peculiarities of
the land-based nutrient discharge.

Significant positive trends in phosphorus and nitrogen concentrations
were also identified in summer in both the surface layer (Fig. 19 c, d)
and the deep water (Fig. 19 e, g). The long-term accunul ation rate of
total phosphorus in the surface layer is simlar in winter and sunmmer
(Table 9).

Detailed investigations in the surface layer in summer yield reliable
rel ationships of total phosphorus and nitrate with the river run-off and
the salinity which attribute the year-to-year dynamcs of nutrients to
variations of the riverine water discharge. The reverse correlation
between nitrate concentrations and water tenperatures indicates the
prevailing significance of vertical nixing through the thernmocline. No
long-term trend could be identified for silicate in the surface |ayer.

Statistic analysis shows that the river run-off during the autumn~
winter-spring period and the stability of the thernocline (the
tenperatures in the upper layer) determine the nitrate concentrations in
the deep water in sumrer. The ratio between the nitrate and phosphorus
accumul ations is higher in winter than in sunmer.

Recently, the silicate concentrations in summer are markedly dropping in
the deep water of the Gulf (Fig. 19 f). However, the short period under
i nvestigation does not permt conclusions about Ilong-term trends.
Variations in the silicate concentrations are reversely correlated with
the river run-off and directly correlated with the salinity indicating
the significance of the water exchange with the Baltic Proper. Table 9
contai ns the mean annual accumul ation rates of the nutrients studied in
the Gulf of Riga.

Table 9. Mean annual accumulation rates (trend coefficients) of
nutrients (umol® di yr"l) in the Qulf of Riga at 57°36"
N, 23°38' E.

3- 4-

Mont hs Dept hs/ m PO, Tot.-P NO3_ 5io
1982- 1989 1972- 1989 1975- 1989 1974- 1989

Feb. 0-10 0.019 (0.74)*
Aug. 0-10 0.016 0.16
Aug. 20- 50 0.024 0.49 -3.0

* 1978-1989
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3.4 DI SCUSSI ON .
D. Nehringl, H P. Hansen', A. Trzosifska

Phosphorus and nitrogen conpounds are the driving forces in
eutrophication. Studies on long-term variations beginning in some cases
in the 1950s indicated, on average, increasing wnter concentrations of
these nutrients in the surface layer of all sub-regions in the Baltic Sea
area until 1988. These trends often result fromthe strong increase in
the period 1969 to 1978. Thereafter the phosphate and sonetimes also the
nitrate concentrations remain at their relatively high level. Exceptions
are the Kattegat and the Qulf of Riga characterized by a further increase
of nutrient concentrations. Increasing nitrate concentrations have been
observed in the Bay of Gdaisk and in the whole of the @ulf of Bothnia as
well as in the @lf of Finland.

Trend changes observed in the surface layer are also reflected to a
certain extent in the oxic deep water of the Central Baltic basins.

H gh phosphate accumul ation rates have been identified in the near-
bottom water |ayers of the Central Baltic deeps wth predom nant anoxic
conditions in the recent stagnation period beginning in 197611977. They
mainly result fromthe rempbilization of phosphate by reduction of the
iron hydroxo conplex in the sedinents caused by the increasing hydrogen
sul phi de concentrations and consequently decreasing redox potential.

Thus, the strong increase of phosphate concentrations observed under
these conditions has rather natural than anthropogenic reasons, depending
on mssing nmajor Baltic inflows.

Since there is no indication of considerable changes in potential land-
based and airborne sources, the insignificant changes in phosphorus and
ni trogen concentrations recently observed, on average, in the wnter
surface layer in nost parts of the Baltic Sea area can be di scussed as
follows:
Steady state has devel oped between inputs, biogeochem cal sinks, and
recycling of nutrients also including the nutrient exchange through
the entrances of the Baltic Sea.
Interannual 3 to 4 and 6 to 7 year cycles attributed to changes in
the atmospheric circulation create variations in the river run-off
and are also reflected by changes in the nutrient trends (Trzosiiiska,
1990).

The phosphorus and nitrogen concentrations included in the biogeochem cal
cycle are recently at such a high level in the Baltic Sea area that the
sedinmentation and microbial destruction of biogenic nmaterial produced in
the euphotic |ayer cause further deterioration of the oxygen conditions
and/or spreading of the anoxic zones in the deep water. Areas covered by
these unfavourabl e devel opnents are the Kattegat, the Belt Sea, the
Arkona Sea, the Bornholm Sea and the Bothnian Sea.

Silicate concentrations in the Baltic Sea area have recently been
decreasing, on average, in the surface |layer. Reasons discussed in this
connection are intensified diatom bl oons favoured by eutrophication and
subsequent sedinentation of these algae (WiIlff and Rahm 1989).
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The local neteorological and hydrographic conditions, like upwelling and
vertical mxing in connection with the wind field, precipitation, and
river run-off strongly influence the nutrient concentrations in the
winter surface layer of the nore shallow western parts of the Baltic Sea
area and the @ulf of Riga. They render nmore difficult trend studies in
these regions.

SUMMARY

W nter concentrations of phosphate, total phosphorus, or inorganic
nitrogen compounds are increasing in the Kattegat (1974 to 1988) and the
@l f of Riga (1971-1989). Wnter concentrations of phosphate and nitrate
are at a high level but do no |onger increase, on average, in the surface
| ayer of the offshore regions in the Belt Sea and the Baltic Proper in
the period 1978-1989. The positive overall trends of these nutrients
mainly result from the high accumulation rates in the period 1969-1977.
The trends in the Arkona Sea, the Bornholm Sea and the Eastern Gotland
Sea are interrupted by decreasing phosphate and nitrate concentrations
from 1976 to 1980 and 1984 to 1989.

Nitrate concentrations are increasing in the winter surface layer of the
Gdafisk Basin in the whole period under investigation (1970-1988). N trate
concentrations are also increasing in the whole of the @lf of Bothnia,
whereas phosphate renmained at the sane level in this area since 1978.

Nutrient accurmulations are lower than assumed in earlier studies in the
@l f of Finland (Baltic Mrine Environment Protection Comm ssion, 1987a).
Using the deviations from the nean seasonal variations in the period
1966- 1987 positive trends in the nitrate and total phosphorus residuals
have been identified for the nean concentrations in the layer O50 m
whereas phosphate residuals increased only insignificantly, on average.

Trend studies in Central Baltic deep waters covering the period since the
last major Baltic inflow in 197611977 yield |ower accunulation rates for
phosphate and nitrate in the oxic | ayer bel ow the permanent hal ocli ne,
in conmparison with the previous period.

Hi gh phosphate accumul ation rates have been identified in the near-
bottom water l|ayers of the Central Baltic deeps wth predom nant anoxic
conditions in the recent stagnation period beginning in 197611977. They
mainly result from the transient renobilization of phosphate by reduction
of the iron hydroxo conplex in the sedinents caused by the increasing
hydr ogen sul phi de concentrati ons and consequently the decreasing redox
potential. Relations to the long-lasting recent stagnation period are
obvi ous.

Phosphate trends are also positive in deep waters of the Bornholm Basin
and Gdansk Deep characterised by alternating oxic and anoxic conditions.

The elimnation of values neasured in the presence of hydrogen sulphide
considerably lowered the accunulation rates. The rates identified under
oxic conditions reflect the phosphate accumul ati on caused by
eut rophi cati on.

Silicate concentrations studied in the Kattegat, the Belt Sea, the Baltic
Proper, the Gulf of Bothnia, and the Gulf of Riga are decreasing, on
average, in the surface |ayer.
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ABSTRACT

All data on the pelagic biology show a very high interannual variability.
The present state of the Baltic Sea is determined by a continuing
eutrophication process. The effect in the open sea are still moderate.
The eutrophication is related to the anthropogenic nutrient input ant
to the remobilized nutrient reserves from the deep water. During the
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interannual variability which was mainly related to meteorological
features. It was emphasised further that our understanding on the
consequences of the stagnation period which begun in 1976 is much too
small for a comprehensive interpretation of observed phenomena.

4.2 MATERIAL AND METHODS

This is the first attempt to use the plankton data in the HELCOM data
base to assess the state of the Baltic Sea. In addition to the HELCOM
data, some countries have appended national data in order to expand the
temporal range of the data set and to increase the frequency of the
observations.

The samples for phyto- and zooplankton species composition and biomass,
chlorophyll-a, as well as primary production capacity (Ppax’ incubator)
and daily production determinations (in situ-incubation) were collected
in 1979-1988. The sampling and analysis were carried out according to the
Guidelines for the BMP (Baltic Marine Environment Protection Commission,
1984). Means of 0-10 m are used for phytoplankton variables.

The data is processed divided into geographical subareas and into growth
seasons. In general, data from all sampling stations 1inside a
geographical area is pooled.

In the Danish data (Kattegat, Sound, and Great Belt) values within July-
September/early October have been averaged to give a mean annual summer
value, which have then been used for the analysis. A few very outstanding
results have been excluded in the analysis. In the area between Kattegat
and the Gotland Sea the period May-June is selected to represent the post
bloom season, and July-September to represent the summer season for
chlorophyll a and primary productivity data. In the Northern Baltic
Proper, in the Gulf of Finland as well as in the Gulf of Bothnia, the
period June-September represents summer for chlorophyll a and primary
productivity data. The data for the spring period appeared to be too
scarce for further analysis. In the Bothnian Bay the annual phytoplankton
maxima coincide with the period June-September.

Data for phytoplankton species composition and biomass was pooled in the
following way: spring comprises March-April in Kattegat, Belt Sea and
The Sound and April-May in all other areas; for Bothnian Sea and Bothnian
Bay also June has been added. Summer is July, August, and September and
autumn the rest of the year. The phytoplankton data represent samples
from the depths of 0 m or 0-10 m (more than 25 000 observations). The
total data set received from HELCOM contained some obvious errors in the
calculations of total volumes, etc., mainly caused by mistakes in the
data reporting. These wrong values have been omitted or corrected when
it was possible. After these corrections 2 962 quantitative observations
had no given mean volumes of species. In most cases, It was possible,
however, to use a median volume figure for the species in question and
in this way nearly the whole data set could be completed.

For zooplankton January-March represents winter stage, April-June spring,
July-September summer, and October-December autumn. In the Gulf of
Finland and in the Gulf of Bothnia data from the period July-September,
representing the summer, was used.
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The annual means of primary production capacity (mng-3h-1)
at sampling stations representing Kattegat, Sound (®resund)
and Great Belt. The solid line represents linear regression
between the annual mean values and year, the broken ones
represent 95% confidence limits for the regression line.
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The annual means of chlorophyll a (mg m_3) at sampling
stations representing Kattegat, Sound (Oresund) and Great
Belt. The solid line represents linear regression between the
annual mean values and year, the broken ones represent 95%
confidence limits for the regression line.
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Figure 5. The annual neans of chl or-af hyll a (mg m'3) and prinary
production capacity (mgc mh™)atthe sanpling stations
representing Kiel Bay during the period July-Septenber. The
vertical bars represent standard error.
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Figure 6. 3

The annual neans of chl or-o:PhyII a (m m>~) and prinmary
production capacity (mgc m ~'h’ ; at the sanpling stations
representing Bay of Meckl enburg during the period May-
June. The vertical bars represent standard error.
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Figure 8. The annual means of chlor:b3phy11-g (mg m"3) and primary
production capacity (mgC m ~h™9) at the sampling stations
representing Arkona Sea during the period May-June. The
vertical bars represent standard error.
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Figure 9. The annual means of chlorophyll-a (ng m"3), primary

production _capacity (mgC m~3h~}" and" assimilation number
{mgC m'3h'1/ mg Chl m™°) at the sampling stations
representing Arkona Sea during the period July-September.
The vertical bars represent standard error. The solid line
is the regression between assimilation number and year and
the broken lines show the 95% confidence limits.
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Figure 10. The annual neans of chl orop hyll a (g m'3) and primary
production capacity (mgc m —'h"y at the sanpling stations
representing Bornholm Sea during the period Miy-June. The
vertical bars represent standard error. The solid line is
t he regression between assimlation nunber and the year and
the broken lines show the 95% confidence limts.
chlorophyll a Production
5’ o 18 -]
ab 15}
ol 12} ]
i + } J[ + or } t ]
oL +
: 1 f . 6 - * + + ]
1t ] al L
Ol-'. . R N G T S V' ,4.3 [0} L A T S T S S
79 80 81 82 83 84 85 86 87 88 79 80 81 82 83 84 85 86 87 88
Assimilation no
79[
6.9
5.9F
a9k
39}
29}
1.9F:
Figure 11. The annual neans of chlorophyll a (mg m'3), pri mary

production _capacity (macC m"3h'il‘and assimlation nunber

(mgC m~3n"1/ ng Chl m~3) at the sanpling stations
representing Bornhol m Sea during the period Jul y-Septenber.
The vertical bars represent standard error. The solid line
is the regression between assinilation nurber and the year
and the broken lines show the 95% confidence limts.
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The annual means of chlorgyh_yill a (mg m_S) and primary
production capacity (mgc m “h y at the sampling stations
representing Northern Baltic Proper during the period June-

September The vertical bars represent standard error.
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4.4 PHYTOPLANKTON BIOMASS AND SPECIES COMPOSITION
T. willén™, K. Kononen? and U Horstmann

4.4.1 The Kattegat

Ref erence station: 413 Anholt (BWMP R3)

The spring period (Fig. 19) is quite dom nated by diatons reaching peak
values in 1983 and 1984. The predomnating taxa - in this case Detonula
confervacea and Porosira glacialis - are given in Table 1. In sumer,
several algal groups contribute to a total bionass only exceeding 4 mg/l
in 1980 when cyanobacteria, mainly Gomphosphaeria sp. with 3.7 mg/1,
together with other groups made up a total of 7.5 mg/l. Dinoflagellates,
above all Ceratium tripos, C. furca, ¢. lineatum and Prorocentrum mi-
cans, played a promnent role both in sumer and autumm; no real peak
val ues, however, are observed in the material.

At Anholt extremely high total bionass val ues were received in Cctober
1981 (mainly diatons), in March 1983 (diatons) and in March 1986
(diatons). Cyanobacteria were found in quantities worth nentioning only
in sunmer 1982 while Dinophyceae has shown an increasing trend from 1986.
Conparing total bionmass values fromthe two assessnment periods no
significant change was observed (Mann-Witney test). Spring values from
the whol e period show a slight (not significant) increase; the autum

val ues, however, show a significant increase during the period 1979~
1988 (one maxi num val ue del eted).

From the Kattegat-Skagerrak area several occasions of mass devel oprent
of various species have been reported, e.g., toxin producing
di nof | agel | ates, Chrysochromulina polylepis, Gyrodinium aureolum, etc.

spring summer autumn
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Figure 19. Distribution of the different algal classes in spring,

sumer and autumm 1979-1988 in Kattegat (413 Anholt = BWP
R3). Mean values in ug/l.
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'5.5.2 The Belt Sea

Ref erence stations: Hal sskov (BWP Pl), Fehnarnbelt (BMP N1)

In spring (Fig. 20) there is a total dom nance of diatons (Detonula,
Thalassiosira, Skeletonema and Achnanthes; Table 1) with the highest
total volune value in 1979. Two very |ow diatom val ues were observed in
1987 and 1988. In both cases the bl oom was nissed in the observation. In
1987 it was over and in 1988 it has not yet started. Highly fluctuating
val ues were observed in summer: the highest in 1983, the |owest in 1986.
In some years a considerable devel opnent of cyanobacteria (Aphanothece,
Gomphosphaeria) was observed; in 1988 dinoflagellates (Ceratium tripos)
showed a maxi mum val ue. The autumm devel opnent do not show any narked
differences during the whole period

At Hal sskov sonetines very high single total volume values were obtained
during the period 1979-1985. After 1985 no peak records were received
and there is a tendency to decreasing bi omass. The hi ghest val ues of
cyanobacteria were observed in August 1979 and 1980; the dinoflagellates
reached a total biomass nore than 1.5 mg/1 only in 1986 and the diatons
showed two maxi mum val ues: in October 1981 and in March 1985. Conparing
the two assessment periods, a significant decrease of the summer val ues
at Hal sskov has been observed

In general, the Fehmarnbelt values were smaller than corresponding val ues
from Hal sskov. No significant difference was obtained when conparing the
total biomass values fromthe two assessment periods. In July 1984 the
bl ue-green al gae reached their maximum in nmost sumrers values of 0.5
mg/l and | ess were observed. The dinoflagellates showed a very linited
devel opnent in 1981-1985 but a slight increase from 1986 with two peak
values: one in Decenber 1986 and another in July 1988. The di atom
devel opnent was rather slight during the whole period but showed a few
peak values: in July 1981 and in March 1985 and 1986. O her groups,
mainly small flagellates, increased slowy in total volume from 1979 to
1987. No significant changes in the seasonal devel opment of any group
could be verified

spring autumn
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Fi gure 20. Distribution of the different algal classes in spring,

summer and autumm 1979-1988 in the Belt Sea. Mean val ues
in ug/l.
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Figure 21. Distribution of the different algal classes in spring,
summer and autumn 1979-1988 in the Sound. Mean values in
o Hg/l.
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Figure 22. Distribution of the different algal classes in spring,

summer and autumn 1979-1988 in the Arkona Sea (BY 2 = BMP
K4). Mean values in ug/l.
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Figure 23. Distribution of the different algal classes in spring,

sumer and autumm 1979-1988 in the Bornholm Sea BY 5 = BWP
K2). Mean values in ug/l.
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Figure 24. Distribution of the different algal classes in spring,

sumer and autum 1979-1988 in the Western Gotland Sea (BY
31 = BW H3). Mean values in pg/l.
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4.4.8 Gulf¥ of Finland

Reference station: LL 7 (BMP F3)

The domi nating phytopl ankton species during the spring are presented in
Table 1. The total biomass as well as the proportions of the dom nating
al gal groups - Di nophyceae and Bacill ari ophyceae - varied between years
and areas. For exanple in 1985 the spring bloomin the mddl e of the
@ulf of Finland was donminated with al nbst equal proportions by
di nof | agel I ates and di atons whereas in the western part the bl oonms was
entirely dom nated by diatons.

The dom nating phytopl ankton groups during sunmmer sanpling were blue-
green al gae, dinoflagellates and flagellates (Table 1, Fig. 26).
Aphanizomenon Tflos-aquae, Cryptomonas spp. and unidentified flagellates
dom nated during every summer in all parts of the area. O her species
nentioned in Table 1 had nore occasional dom nance. The species
conposition is in accordance to earlier studies of phytoplankton
succession in the area (e.g. Nem 1973, 1975, Kononen and N em 1984)
Only one species, Dinophysis norvegica, had a clear increase fromthe
period 1979-1984 to the period 1985-1988. The total biomass val ues varied
between years renmarkably. No clear trends of any kind could be
denonstrated. In 1985 the anmount of blue-green algae, most |y
Aphanizomenon flos-aquae and the toxic Nodularia spumigena, was
especially high. Only slight, statistically non significant, differences,
between different parts of the area were found. The |owest total biomass
values as well |owest biomass of Dinophyceae were generally found in the
west .

According to long-term phytopl ankton studies of Kononen and N enm (1984)
sone narine diatons increased in abundance during the 1970s at the
entrance to the @ulf of Finland. Kononen (1983) found that sone
nanopl ankti c species as well as a heterotrophic species increased in
abundance during sumrer nonths in 1972-1985 following trends in tota

phosphorus | evel. These trends could not be denonstrated in the BMP-
data probably owing to differing sanpling tines. The trends and changes
observed by Ilus and Keskitalo (1987) and Viljamaa (1988) in
phyt opl ankton |ong-term studies carried out in coastal areas exposed to
thermal or municipal |load were not observed in the open sea areas.

Toxi c bl ooms of blue-green al gae, especially Nodularia spumigena have
frequently been observed in the Gulf of Finland (Sivonen et al., 1989a,
1989b). In Cctober 1987 an exceptionally strong bl oom of Microcystis
aeruginosa, then non toxic, was built up in the eastern part of the sea
area (N em, 1988).
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4.4.9 Archipelago Sea and Gulf of Bothnia

Reference station: F 64 (BMP DI) in the Archipelago Sea

The phytoplankton biomass during spring was dominated by diatoms and
dinoflagellates (Table 1, Fig. 27). The total biomass showed a clear
rising trend during the study period. The increase from the period 1979-
1984 to 1985-1988 was highest and also statistically significant
(+-test) in the group consisting mainly of flagellates. Also the biomass
of several spring bloom diatoms like Achnanthes taeniata, Skeletonema
costatum and Thalassiosira baltica increased, though not as clearly.

The summer biomass were dominated by the blue-green algae, dino-
flagellates and flagellates. Slight increase was observed in the total
phytoplankton biomass during the study period. This was mainly due to the
increase of dinoflagellates and other flagellates. Exceptionally high
amounts of the toxic Nodularia spumigena were observed in 1986.

Kippo-Edlund and Niemi (1986) found that the phytoplankton total biomass
had increased and the species composition had become more marine from
the period 1966-1970 towards 1979-1982. The results obtained from the
BMP-data suggest that the increasing trend has continued during the
1980s.

Reference station: SR 5 (BMP C4) in the Bothnian Sea

The spring bloom in the area was dominated by dinoflagellates and diatoms
(Table 1, Fig. 28). There was a clear increase in total biomass from 1979
to 1988. This trend was primarily due to intensified blooming of diatoms
and flagellates. However, no rising tendencies were found for any single
diatom species. Skeletonema costatum, Chaetoceros wighamii and Achnanthes
taeniata had their maximum occurrences during different years.

The summer phytoplankton was dominated by flagellates and blue-green
algae (Table 1) in the southern part of the area and dinoflagellates in
the northern part. No tendencies of any kind could be demonstrated.

Reference station: BO 3 (BMP Aa3) in the Bothnian Bay

The spring bloom was dominated by diatoms and dinoflagellates (Table 1,
Fig. 29). There was an increasing tendency in the amount of flagellates
in the northern part of the area. The total biomass was varying.

Blue-green algae together with flagellates and dinoflagellates dominated
during summer. The total biomass, proportions of algal groups or single
species did not show any trends.
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4.5 NUISANCE PLANKTON ALGAE

Increasing attention has been drawn to exceptional phytoplankton bl oons
during the last decade. Several dramatic bloons of toxic marine and
bracki sh water species have occurred killing pelagic organisnms as well

as benthic fauna and flora and disturbing the marine ecosystem The toxin
producing organi sms belong to various algal classes, minly Dinophyceae
and Nostocophyceae but also to Chrysophyceae, Prymmesiophyceae and
Di at onophyceae. In the last mentioned class only one species, Nitzschia
pungens, IS known as toxic from Canada but it also occurs in the
Katt egat - Arkona area.

A review of water bloonmng organisnms is already given in the First
Periodic Assessnent.

The present material, as a rule sparsely collected, can not give an
adequate picture of phytoplankton bl oom situations: single high vol une
val ues do not give information about the length of the bloom ng period

Only from stations wth frequent sanpling and by special |oca
investigations reliable results may be obtained

In a short survey the followi ng nuisance pl ankton al gae nay be nenti oned.

4.5.1 Nost ocophyceae

Anabaena flos-aquae S distributed from Arkona Sea to the Bothnian Bay.
It is not reported to produce neurotoxins except in freshwater |akes,
where al so ot her Anabaena spp. are known as toxin producing. The samne
applies to Microcystis aeruginosa (N em 1988) and Oscillatoria agardhii
which mainly develop in eutrophic coastal waters.

Aphanizomenon flos-aquae occurs in the whole area; it is not known as
toxin producing except in fresh waters.

Nodularia spumigena, however, generates high bloons some years. 1Its
hepatotoxin, nodularin, is recently characterized by Eriksson et al.

(1988) and by Sivonen et al. (1989a and 1989b). Several recent cases of

death of dogs are reported from Denmark (Lindstrém 1976), t he sout hern
coast of Sweden and Gotland (Lundberg et al. 1983).

4.5.2 D nophyceae

Sone of the follow ng species produce toxins which can be concentrated
by shellfish and then eaten by people, resulting in diseases terned DSP
and PSP. The problens are mainly concentrated to the Dani sh, Norwegian
and Swedi sh western coasts and not to the Baltic Sea. Some species also
cause Kkilling of fish and benthic organisms. A survey of dinoflagellate
bl oons is given by Ganeli (1986). The volume Toxic Marine Phytoplankton
(Graneli et al., 1990) presents sunmaries and new aspects on the
probl enms. Nordberg (1989) argues that toxin producing algae (Gymnodinium
catenatum) earlier have forned inmense water bloons in Kattegat: resting
spores of G catenatum are found in sedinents about 2 000 years old
Maxi mum val ues were reached 300-400 years ago and shortly after that the
species di sappeared
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Chrysochromulina polylepis and Chrysochromulina spp. This genus 1is
closely related to Prymnesium. The toxic principles of Prymnesium parvum
has been thoroughly studied. The toxin, hemolysin, has a membrane-
disrupting effect and the same is found for the toxin or toxin complex
of Chrysochromulina polylepis. The harmful bloom mainly in the Skagerrak
area during May-June 1988 initiated numerous special studies and the
results are given in a number of publications, e.g., Rosenberg et al.
1988, Estep and MacIntyre 1989, Aksnes et al. 1989, Lindahl and Rosenberg
1989, Lindahl and Dahl 1990.

From the present investigation it is evident that Chrysochromulina spp.
have occurred during the whole iInvestigation period with maximum values
in Kattegat. Single high values were observed 1984 and 1985 at Vinga
with ca 4 million cells/1, ca 5 million cells/l at Fladen (2 m level),
8 million cells at Aalborg (5 m level) and ca 11 million cells/l at
Anholt (5 m level). At the routine monitoring sampling on May 24-27,
1988, rather low cell numbers were recorded compared to results of
sometimes 80~100 million cells/l received by the numerous special
investigations performed during May and June, when also the
Chrysochromulina distribution at different levels was recorded.

4.6 ZOOPLANKTON3
G. Behrends™, M. Viitasaloz, G. Breuell, E. Kostrichkinas, 0.
Sandstrém~, F. Ma)hlenber:g5 and P. Ciszewski

4.6.1 The Kattegat

In the shallow western Kattegat the copepod species Paracalanus parvus
dominates followed by Pseudocalanus minutus elongatus, Oithona similis,
Centropages hamatus and carnivorous cladocerans and meroplankton. In the
deeper eastern Kattegat species diversity is lower with dominance of
Pseudocalanus minutus elongatus followed by Paracalanus parvus,
Centropages hamatus, Oithona similis, cladocerans and Acartia spp. In
autumn, the cladocerans disappear, but the carnivorous element remains
due to large increases iIn the biomass of Oithona similis. In certain
years species typical for the North Sea/Skagerrak, as Calanus
finmarchicus and Centropages typicus, appear in the Kattegat, especially
in the western part during spring/early summer.

A decrease iIn the biomass of Acartia spp. was detected in the period
1979 - 1988. Trends in other species, total biomass or trophic structure
could not be observed (Figs. 30a-b and 3la-b).

4.6.2 The Sound, the Great Belt and the Southern Belt Sea

Species composition in the surface waters of the Sound closely reflects
the composition in the Arkona Sea with dominance of Acartia spp. fTollowed
by Pseudocalanus minutus elongatus, Centropages hamatus and Oithona
similis, but the cladocerans are not as numerous.

A highly significant decrease of Acartia spp. could be observed. Other
trends were not detectable in the time series from 1979 - 1988 (Figs. 30c
and 31lc).
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Figure 32. The abundances of the nain taxonomc groups in the Belt Sea
zoopl ankton during different seasons
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Figure 33. The abundances of the Belt Sea zooplankton species

bel onging to different trophic levels during different
seasons.
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Figure 40. The abundances of zooplankton species belonging to
different trophic levels in the Eastern Gotland Sea in
different seasons (all depths pooled).
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4.7 ASSESSMENT AND REVIEW 3
S. Schulzl, G Behrends”, G Breuell, U. Horstmann™~, K
Kononenz, J.-M Leppinen®, M vViitasalo“, T. Willén

According to the present data further changes in the pelagic ecosystem
of the Baltic Sea have been observed in conparison to the First Periodic
Assessnent (Baltic Marine Environnent Protection Conmission, 1987).

Al the time series about plankton variables reveal a high degree of
tenporal variability. Some of the interannual fluctuations can be related
to the abiotic environnental conditions. Especially the irradiation, the
water circulation, and the available nutrient reserves play an inportant
role.

The water above the permanent hal ocline was affected by the cold winters
198471985, 198571986, and 198611987. On the other hand the w nters
1983/1984 and 1987/1988 were extraordi nary warm The extremes coul d have
affected the duration and extent of convection in spring and thereby the
onset of the spring phytoplankton bloom The devel opnent of the
zoopl ankton is also believed to be influenced by the extreme water
t enper at ures

The irradiation budgets were according to Launiainen (see Chapter
"Hydrography") very variable for the years 1984-1988. Only the years 1985
and 1988 displayed val ues above the |ong-term nean. The other years were
characterised by low irradiation especially during sunmer in nmost regions
of the Baltic Sea. The high potential prinmary production observed in sonme
areas in May 1985 and summer 1988 coincide with the maxim in
irradiation. In 1986 and 1987 the irradiation was below the long-term
mean, and also the primary production was | ow.

Phosphate and nitrate did not show any |onger the increasing trend as
described in the First Periodical Assessnment. The only exceptions are
the Belt Sea and the deep-water in the Baltic basins, where the
increasing tendency still holds. The continued reduction in the salinity
has resulted in the weakening of the vertical density gradients. The
increase in nutrient concentrations of the deep water together with the
hi gher potential for water exchange enhance the possibility of nutrient
import to the euphotic layer. There has been an increase in the wnter
nutrient concentration from 1970s to 1980s. Since the spring phyto-
pl ankt on bl oom consunes all the nitrogen from the euphotic |ayer, the
primary production during the spring growh period must have increased
However, as showed by e.g. the joint patchiness study in the centra
Baltic Proper (Dybern and Hansen, 1989) the high tenporal and spatia
variability at that tine makes the long-tine trend analysis difficult if
the sampling frequency is as low as in the present nonitoring progranmre.
As shown by schulz et al. (1985) the ampunt of nutrients available during
the bl oom determines not only the absolute values of the phytopl ankton
paraneters but also the duration of the bloom About half of the spring
phyt opl ankt on production sinks out and affects directly the benthic
system (e.g. Smetacek et al. 1984, Leppinen 1988). The renmining part is
retained in the pelagic system and mght influence the pelagic community
in sumer.
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phyt opl ankt on, chlorophyll and primary production in Kattegat without
finding any marked changes during the period 1979-1981 or conpared with
results gained during the 1970's (Bjdrn-Rasmussen 1976, Edler 1977,
Thonsen 1979). Qher background data from the beginning of this century
are given in a nunber of publications by deve (1902). Pihl Baden (1986)
di scusses both phytopl ankton and zoopl ankton in Skagerrak and Kattegat
and concludes: "In both the Kattegat and the Skagerrak, prolonged spring
bl oons, especially of dinoflagellates, have been registered. Furthernore,
in the Kattegat, dinoflagellates show a tendency to increase in nunber
of species anmong which sone are potentially poisonous".

It has been discussed if the nunber of flagellate species in the Baltic
Sea has increased during the last years. Rybicka et al. (1990) showed in
three stations in the Bornholm and Southern Gotland Sea since 1983 a
remar kabl e appearance of non-identified flagellates. It is wuncertain if
this is an artifact that the flagellates have been overl ooked in the
sanpl es before or this is a new feature of the ecosystem In the latter
case this could be treated as a sign for eutrophication. According to the
present data no general trend, however, is discernible supporting such
an assunption except for the Kattegat-Belt Sea region.

In May/June 1988 an exceptionally strong bloom of Chrysochromulina
polylepis has developed in the Skagerrak-Kattegat area. |n connection
with the mass appearance of the small flagellate, kills of benthic
organi snms (macroal gae, nolluscs, polychaets, sea stars) and caged fish,

were reported. WId fish (cod and others) were also infected but could
in nost cases escape from the bloom regions (Horstnmann and Jochem 1988,

Dahl et al., in press., Skjoldal and Dundas 1989).

The water inflowoutflow of the Baltic Sea highly influences the
phyt opl ankt on (Kell 1984). The phytoplankton response on the increasing
nutrient concentrations indicates generally that the highest total

bi omass were reached in the period 1979-1981, followed by sone low-
bi onass years and again increasing values from 1985 on. The devel opnent

is, of course, variable in different sea areas. Increasing diatom biomass
were observed from 1985 in several areas, e.g., Bornholm Sea, Eastern and
Western Gotland Sea and Gulf of Finland resulting in the decrease of

silicate pool in the euphotic |ayer. Decreasing silicate values then may
lead to a change in the diatom species conposition, an alteration worth
to observe.

Statistically significant (Mann-Wiitney test, probability level of 0.1)
bi omass increase at the reference stations BO 3, SR 5 F 64 and BY 5 in
spring, at stations F 64 and LL 7 in summer, and at stations BO 3, F 64,
LL 7, BCS IlIl 10 and Anholt in autum was found when conpared the first
(1979-1984) and the second (1985-1988) investigated period. A decrease
in the sunmer biomass values at BY 15 and Hal sskov was observed. These
data, however, give no general tendency to the Baltic as a whole. This
is perhaps not to be expected due to the variation in different
subsystens with varying reactions to differing |oading. Another main
reason is the short investigation period with too sparse sanplings.

Regarding the increase in the primary production, one could expect an
i ncrease in mesozoopl ankton, too. However, positive trends of the
abundance could be found only in sumer in the Arkona Sea and in the
Eastern Gotland Sea and the tendency of increase in the Bornholm Sea. For
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in the Baltic Proper and in the Gulf of Bothnia. The sources of the
eutrophication are related to nutrient input of anthropogenic origin and
renobilized reserves from the deep water.

SUMMARY

Signs of eutrophication are evident in the pelagic ecosystem of the
Baltic Sea although no drastic changes either on the quantitative |evel
nor in the species conposition have occurred in the open pelagic system
since the First Periodic Assessnent.

When conparing the assessment periods 1979-1983 and 1984-1988, primary
producti on showed increasing tendency in nost areas. In the Arkona Sea
and in the @lf of Finland the summer primary production was decreasing
while in the Bothnian Sea it stayed at the sanme |evel. Chlorophyll a
val ues showed an increasing tendency in nost areas, except in the Arkona
Sea and in the Bornhol m Sea.

In general, no clear changes in the phytopl ankton species comnposition
have been detected. Several exceptional and in some cases toxic
phyt opl ankt on bl ocons have been reported. Obviously the bloons of
di nofl agel | ates, chrysophyceans and prymesi ophyceans have been nore
frequent in the Kattegat-Belt Sea region than in the Baltic Proper, where
in most cases the bloons were caused by cyanobacteria. Sever al
potentially toxin producing speci es of cyanobacteria, dinoflagellates,
chrysophyceans and diatons occur in the Baltic Sea and are a risk for
noxi ous bl oons. In the Kattegat-Belt Sea region, an increase of
flagellates was observed.

The zoopl ankton abundance values in 1979-1988 revealed |arge interannual
fluctuations. Increasing trends could be detected in the Arkona Sea and
in the Gotland Sea in sumer, a tendency of increase in the Bornhol m Sea.

The assessment period 1979-1988 is still short for proper trend analysis.

It has revealed large interannual variations in the plankton comunities
which can partly be related to large clinmatic fluctuations. The plankton
conmunity is controlled by various factors which result in different
temporal and spatial scales for the response to the environmental

changes. These variations can largely hanper the effects of the e.qg.

still large input of nutrients. The anthropogenic disturbances increase
the variability of the systemas well. The few long time series available
on plankton reveal clear signs of eutrophication. During the last 30
years the phytopl ankton primary producti on has al nost doubled fromthe
Kattegat to the Baltic Sea proper. The phytopl ankton bi onass expressed
as chlorophyll a increased nearly by the sane order of nagnitude. Due to
the developnent in nethods and to the increasing know edge of
systematics, long conparable tine series on phytoplankton is not
avai | abl e. The phytopl ankton conposition has not changed drastically but
there is a tendency to nore frequent, and sometinmes toxic blooms. Long-
terminvestigations in the Bornhol m and Gotland Sea show a significant
increase in the zoopl ankton abundance from 1950s to the end of 1980s
with the steepest increase in the 1970s.
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ABSTRACT

The macrozoobenthos part of the assessment of the state of the Baltic Sea
is based mainly on the observations made within the Baltic Monitoring
Programme, coordinated by the Helsinki Commission. The data from national
monitoring programmes have been used to evaluate the state of nearshore
areas.

In the entrance area to the Baltic Sea, increased input of organic
material to the bottoms have led to an increase in zoobenthos biomass in
the northern part of the Kattegat. In the southern part of the Kattegat
just below the haldcline, in the deeper areas of the Belt Sea and the
Arkona Sea the reduction in zoobenthos biomass and even macrofauna death
is coupled to a more frequent occurrence of seasonal oxygen deficiency.



213

A B
VADE 7
[
MARS 7
o STOCKHOLM ¥ 4
SW VINGA
® s s d}‘ BV.20
s YARO LAMID!OOlRT.m K $
FLADEN NORRKOPING
o el %
L ess9 GULF OF RIGA
. \ BY 34 .
5 [
Waé VENTSPLS
BY.SB ® ®
ESE Nar
f Lepas
S INS
[}
BCS .m 10 \PEDA
BAY OF GDANSK/Z,#
PUCK BAY KA
A~
W5
Figure 1. Macrozoobenthos investigation localities in the Baltic Sea.

A - Kattegat, the Sound, the Belts, Belt Sea and Arkona
Basin, B - Baltic Proper (for localities in the south-

eastern Baltic Proper, see Fig. 20), C - Gulf of Finland
and Gulf of Bothnia.
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Kiel Bay

Most of the image material is taken at various national stations in the
Kiel Bay. Nevertheless, in this context only material from the station
Siiderfahrt (BMP N2) is presented, that shows a soft muddy sediment which
turns from brown into black deeper than 4-5 centimetres. At the national
station Boknis Eck in the western part of Kiel Bay every year we
experience phases with oxygen depletion and the formation of H,S in the
water. This is reflected by an accumulation of black flocculent material
floating over the sediment surface and only visible by imaging methods.
This phenomenon can be found in all Baltic basins investigated so far and
will be dealt with below.

Arkona Basin

During a monitoring cruise with RV "Littorina" in June 1989 TV-recordings
revealed wide-spread spots of sulfur bacteria (Beggiatoa) on the sea
floor surface together with dying macrofauna. These white spots seem to
grow in small circles (10-20 cm) around sources of organic material,
which in some cases come from dead Arctica or from organic material
sedimented in shallow depressions in the sea floor. The oxygen values of
the overlying water were, nevertheless, not an indicator for such a
severe shift (50 % saturation). Grab samples as well, as dredge tows
showed no living macrofauna at BY 1 (BMP K7), a station that in the
preceding years -~ although impoverished - was still vital. Additional
sediment-profile photographs (BEMOTS) showed a black organic layer on top
of the normal muddy sediment covered by the above mentioned layer of
sulfur bacteria. In 1988 the image profiles had been without these
detrimental features.

As seen from other Baltic basins these findings indicate a severe change
in the ecosystem. Before 1989 there was a rich mollusc-dominated bottom
fauna community which served as good food for bottom living fish. Food
items for fish are now very scarce on these bottoms. The severe
consequences for the fish populations can only be speculated on at this
moment.

Bornholm Basin

Video inspections from earlier years showed a layer of flocculent
material in the zone just above the sediment surface, which was drifting
with the currents over the bottom. The size of these flakes increased
generally from West to East, starting in the Arkona Basin. As mentioned
above this aspect have been found also in locally restricted areas in
the Kiel Bay In the northern part of the Bornholm Basin (below 75 m)
these flakes are condensed by Beggiatoa lawns and can no longer move over
the bottom. It seems that the northern part of the Bornholm Deep is more
deteriorated than the southern part.
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5.2.2 Conclusions

The evaluation of video profiles and photographs both from the surface
and vertical profiles (REMOTS) gives us information of the state of the
sediment habitat that will not be gained with traditional approaches.
Although results are scattered some general features can be derived from
this source of information. The crucial point in all Baltic basins seems
to be the presence/absence of macrofauna to re-work the sediment and to
take part in the remineralization of the detritus coming from the
pelagial and by Ilateral advection. The shift from one state to the other
is characterized by dense layers of detritus flakes at the sediment
surface and in the overlying water. The size of the flakes is increasing
from West to East in the Southern Baltic Proper which is interpreted as
an increasing deterioration. After the oxygen in the sediment is depleted
these flocculent layers are consolidated by Beggiatoa mats which can
only exist at the boundary layer between HyS-mud and water with at least
some oxygen. This was the case in the northern part of the Bornholm Deep,
the Gdansk Deep, the southern part of the Eastern Gotland Basin and the
Landsort Deep (Northern Baltic Proper). One can also follow up the
genesis of laminations in this geographical order. The beginning of this
detrimental status could be observed temporally and locally restricted
in the Arkona Sea and in parts of the Kiel Bay. There are indications,
that some parts of the southern Kattegat are also close to this severe
alterations.

The basins north of the Aland Sill show a completely different picture
with fine sediments strongly re-worked by the activity of macrofauna and
with no signs of reduction mediated by oxygen deficiency.

5.3 REGIONAL ASSESSMENTS

5.3.1 The Kattegat the Sound and the Great Belt
J. N. Jensen4 and A. Josefson

Kattegat, the Sound and the belts are rather shallow sea areas. Water
deeper than 25 m is confined to the eastern side of Kattegat and the
central part of the Sound and the belts where the sediment generally
consists of silt and clay. The shallower areas on the western side have
in general coarser sediments. Water circulation in the Kattegat 1is
complex but tends to be dominated by a general inflow of saline North
Sea water at depth from the Skagerrak towards the Belt Sea and the Sound
and an outward surface flow of brackish Baltic water in the opposite
direction.

The macrobenthic infauna is being monitored once a year at 5 stations
below the halocline (Fig. 1a). The sampling started in 1979 at the two
northern stations in the Kattegat, SW Vinga = GF 4 (BMP R7) and Fladen
(BMP R6) and at one station in the Sound, S Ven (31 S = BMP Q1). At the
southern station in the Kattegat, Anholt E (413 = BMP R3) and the station
in the Great Belt, Halskov (939 = BMP P1l) sampling was started in 1982.
Station Anholt E has been sampled two times in spring by different
laboratories, one in Denmark and one in Sweden.
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Table 2. Results of linear regression analysis on biomasses versus
year at 7 stations in the Skagerrak-Kattegat area from the
time period 1973-1988. For further information see Table
1.

Station Depth Periocod n—21 Slope p =4 sSign
(m)
Total biomame
VADEZY 100 i1e8l1l—88 39 “+ 0.0a4a7 A
MARS 7 100 i1981—88 3 4 “+ 0.000 o e A
SW VINGA 78 1979—86 2 3 -+ o.ol18 A
FLADEN 7 5 1979586 23 -+ 0.180 ne&
ANHOLT E 55 is8ez2x—88 6 - 0.658 ns
S VEN 17 i1982—-88 6 -+ 0.830 ns
HAIL.SKOWV p~-g - ] 1982—88 6 0.089 nes
Biomass without large specliles
VADEV 100 1973—88 7 9 -+~ 0,000 - e e
MARS 7 100 1973—88 4 2 -+ 0 .000 v Ve e
SW VINGA 7 5 1979—86 2 3 -+ O-003 e A
FIL.ADEN 7 5 1979—-86 2 3 -~ O.o0ox1a bad
ANHOLT E 55 i1982—88 6 O-216 nea
S VEN 17 1982—88 6 -+ 0.830 nes
HALSKOWV 28 1982—88 6 o.o18 L
rolychaeta
VADE7 100 1L973—88 7 9 -+ o .000 Ve e S
MARS 7V 100 1L973—88 4 2 -+ 0,000 e e
SW VINGA 7 5 1979—86 2 3 -+ o.2z248 nes
FLADEN 75 1979—86 23 -+ ©0.014 hod
ANHOLT E 55 i1982—88 6 -+ 0.352 ns
S VEN 17 1982—88 6 -+ O.534 ns
HALSKOWV 28 1982—a88 6 0,.140 nes
Mollusca
VADE7? 100 1973—88 78 O-652 ns
MARS 7 100 1973—-88 4 2 _ O-650 ns
SW VINGA 75 1979—-86 2 3 — 0-996 ne
FLADEN 7S 1979—86 2 3 ©.az28 ns
ANHOLT E 55 1982—88 6 -+ O-596 ne
S VEN 17 1982-88 6 — 0-593 ne
HALSKOV 28 1982—88 6 + 0-535 ns
Echinodermatea
VADE 7V 100 iosg8l1—-88 39 -+ O0O-024 Ao
MARSZ7 100 1981r—88 3 4 -+ 0] 007 bl
SW VINGA 7 5 1979—8¢6 23 -+ o.oz8 A
FLADEN 75 1979—-86 23 -+ 0-321 ns
ANHOLT E 55 i1982—88 6 - O-396 ns
S VEN 17 i1982—-88 6 -+ O-570 ns
HALSKOWV 28 X 982-638 6 - O .09 ns
amphiura spp -
VADE7? 100 1973—88 7 9 -+ 0 .000 Radiadlod
MARSZ7 100 rL973—-88 4 2 -+ 0.000 bl adhed
SWVINGA 7 5 1979—-86 2 3 —+ o.0131 Al
FLADEN 7 5 1979—86 2 3 + O.o11 A d
ANHOLT E 5 5 i1982—88 6 - O-030 b
s VEN 17 i1982—88 6 -+ O-590 ns
HALSKOV zB i199ez2—88 6 o.4a82 ns
Crustacesa
VADE7 100 1973—88 7 9 o-7091 ns
MARS 7 100 1973—88 42 -+ O-043 e
SW VINGA 7 5 1979—86 2 3 -+ 0O .966 ns
FLADEN 7 5 1979—86 2 3 =+ 0.552 ns
ANHOLT E 55 i1982—88 6 - 0.033 *
s VEN 17 1982—88 6 - O-138 ns
HALSXOV 2e r1982—88 6 0.080 ns
Misceaellaneaous
VADEZY 100 1973—88 7 9 -+ 0.2092 ne
MARS7 100 1973—88 4 2 bl C.932 nes
SW VINGA 7 5 1979—86 23 -+ O-290 na
FLADEN 7 5 1979~86 2 3 0.159 ns
ANHOLT E 5 5 1982—88 6 - o.370 nes
S VEN b g i1982—88 6 0.410 nss
HALSKOV 28 1982—88 6 -+ (o] 117 mes
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Figure 4. Cumulative histograms showing the composition of abundance
(ind./0.1 mz) at 3 stations in southern Kattegat and the
Sounds from the period 1979-1988. For further information
see Figure 1.
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Conclusions

The increasing trend in biomass in the northern part of the Kattegat and
the Skagerrak as well is most easily explained by an increased input of
organic material to the bottom. This explanation is supported by the fact
that the increase involve8 several different species from different
trophic groups and with different life spans. Furthermore the change is
due to not only increase in abundance but also in individual size. At the
northern stations there are no evidence so far of oxygen levels that
could have a limiting effect on the macrobenthos.

The indifference or in some cases reductions in abundance and biomass
observed in the southern part of the Kattegat, the Sound and the Great
Belt towards the end of the investigation period may be related to the
hypoxic conditions which appear to have increased in areal extent in
recent years. Oxygen levels in the bottom water show a clear decreasing
trend in the 19808 at all stations in the Kattegat and the lowest levels,
less than 2 ml/l, were reached at the southern stations. However, these
measurements does not give a clear clue as to whether hypoxia really has
been the limiting factor. For instance the years with lowest oxygen
levels, such as 1986 at Anholt E, was not followed by significant
reductions the year after. Furthermore even the lowest levels reached
are, according to the Iliterature, above the limit for mass mortality of
adult macrofauna. 1t is possible, though, that the oxygen measurements,
which were made some meter above the bottom, are not representative for
the near bottom water which the benthos experience (e.g. Rosenberg & Loo,
1989). Furthermore, even if adult individuals are not affected it is
possible that recruitment has been adversely affected by the low oxygen
levels.

The situation 1in Kattegat seems to be a vresult of a general
eutrophication as no general trend in salinity and temperature i.e. water
circulation has been observed in this area throughout the sampling
period. An alternative to eutrophication is a possible reduction of the
stocks of demersal fish-species, and thereby of the predation pressure
on the benthos. The increase8 in biomass on the northern stations may be
interpreted as a result of lowered predation intensity. However, there
are no data to indicate that fish stocks have declined in this area (see
Chapter "Baltic Fish'). The reactions of benthos in southern Kattegat can
definitely not be explained by this hypothesis.

5.3.2 The Belt sea
F. Gosselck3 and H. Rumohr®

The southern parts of the Belt Sea are shallow with depths ranging to 28
m. Areas below 20 meter are covered with soft mud, whereas the sediment
in shallower regions are increasingly sandy with decreasing water depth
(Babenerd & Gerlach 1987). The water is stratified in late summer, and
oxygen deficiency occur periodically in some areas. There are no major
fresh water inflows, and the input of nutrients is mostly domestic and
from agricultural sources. The Tfirst quantitative benthos investigations
were done by C.G.Joh.Petersen in the early century, followed by Hagmeier
1924-1931 (Rumohr 1987). After World War 11 Kihlmorgen-Hille investigated
the benthos in the Kiel Bay from 1952 to 1965, followed by Arntz in 1968,
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Figure 6. Total abundance and biomass at station Siiderfahrt (BMP N2)
1968-1989 (Arctica, Astarte excluded).
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Figure 7. Abundance and biomass of polychaete Nephtys spp. at station
Siiderfahrt (BMP N2) 1968-1989.
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The western vart of Kiel Bav is affected by oxygen depletions almost
every year but the depth range of these events may not every year affect
the national in-shore station, Boknis Eck (20m) (Fig.la) situated on a
slope at 20 m depth. Nevertheless, the patterns observed here in general
correspond with those of the Siiderfahrt station although the fluctuations
are wider at this more disturbed station.

The results of the shallow water stations in Kiel Bay (incl. station
Kieler Bucht = BMP N3) (Fig. la) show a rich species spectrum dominated
by molluscs, that remained stable throughout the last years. All stations
reveal a distinct seasonal cycle as have been reported before. There is
no major trend in these data, the time covered may, however, also be too
short, as has been explained above. Brey (1986) found significantly
higher mollusc biomasses in the 1980s compared to the 1960s, in above
halocline Kiel Bay sediments.

The station Fehmarnbelt (BMP N1) (Fig. la) was sampled twice a year only
since 1986 but the available data from 1981/82 show that the station was
affected by the wide ranging oxygen depletion in 1981. Nevertheless there
seems to bee a continuous decline in most population parameters (Fig.
13). only the bivalves (Abra alba) had a maximum in 1987/88. This
negative process is underlined by the increase of Halicryptus spinulosus
which seems to be key species for impoverished soft bottoms (Fig. 14).
Whether this deterioration is linked to oxygen problems in the southern
Kattegat and in the Arkona Basin must be investigated in future.

Conclusions

The available data set covers 20 years and shows that the data from the
period 1984-1988 alone are not sufficient, in this specific sea area, to
reveal the real changes in an ecosystem, that is governed by strong
hydrographic fluctuations 1in combination with wide ranging oxygen
depletions, which has been becoming a regular phenomenon in the autumn
of almost every year since 1981. The faunal successions following major
disturbances like the ice winter in 1978/79 and the oxygen depletion in
1981 and 1983 govern the image of the benthic community over the years
and stress the fact that a status quo can only be properly judged when
the environmental history of at least 5 preceding years is known. The
fauna at the subhalocline muddy stations seems to have recovered well
after a series of serious environmental disturbances. Fehmarnbelt station
shows nevertheless a slight decline in quality that could be interpreted
in connection with events in the Kattegat and the Arkona Basin. The
shallower stations in Kiel Bay (above the seasonal halocline) show no
major trend in the last years although there is a distinct seasonal
fluctuation in most parameters.
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Liibeck Bavy and Bay of Mecklenburg
F. Gosselck3

The assessment is based on information from a national monitoring program
(Fig. la). Station 7 LB (23 m) 1is representative for the central part of
the Liibeck Bay (below 20 m). The sediment is very soft and contains
hydrogen sulphide. Oxygen deficiency in the bottom water layers is common
in late summer and autumn. The Bay of Mecklenburg is represented by
station 18 MB (19 m). The sediment is sandy mud. Oxygen deficiency has
been observed during the last years. The inner part of the Wismar Bay 1is
an example of a highly polluted estuary in the Belt Sea. It is a shallow
area with a maximum water depth of 6 m with a pronounced phytal character
down to 4 m depth. The sediments are very fine mud. The Kadet Furrow is
the link between the Belt Sea and the Baltic Sea. In this area no oxygen
deficiency has been observed. The sediment is sandy nud with clay.

Liibeck Bay

In 1980 the central part of the Liibeck Bay (deeper than 20 m) was found
to be colonized by a benthic community comprising a very small number of
species (Zmudzinski et al. 1987). The winter recolonization phases,
involving around 10 species, were Tollowed by opportunistic communities
where the abundance values were to 90% dominated by Capitella capitata
and Polydora ciliata (Fig. 15). Periods of oxygen deficiency and,
sometimes, hydrogen  sulphide formation caused an almost total
disappearance of the macrofauna, Halicryptus spinulosus being_the only
surviving species. The maximum abundance value was 2800 ind./m“ and the
maximum biomass 18 g/m® (wet weight) (95 % Capitella capitata) recorded
in February 1988. No trend in either abundance values nor number of
species could be observed during the period 1980-1989, although the
seasonal variations were considerable.

Bay of Mecklenburg

The trends at depths greater than 20 m in the Bay of Mecklenburg were the
same as In Liibeck Bay, but the effects of oxygen deficiency were less
pronounced and the diversity generally higher (Fig. 16). In addition to
the 14 dominant polychaete species, nine bivalves species were found. Of
these, however, only Arctica islandica was found in all samples, but,
like the other bivalves its numbers showed a decreasing tendency.

The macrobenthic diversity in the shallower regions (20 m deep or less)
was relatively high 1980 and 1985-1987 (14 bivalves, 27 polychaetes, 11
other). The most common species were Mysella bidentata, Scoloplos armiger
and Macoma baltica. The total biomass varied between 100 and 300 g/m
(A. islandica dominated, accounting for over 80 %) and between 5 and 20
g/m_z iT the bivalves were excluded. In the latter case the species
Nephtys caeca and S. armiger predominated.
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The number of species, abundance and biomass increased noticeably from
the summer of 1987 onwards. The number of species per sample rose to
over 30 and reached 41 on one occasion (Fig. 15). Abundances rose to over
4000 ind./m“ and reached a maximum of 10000 ind./m“. The abundance
increase was caused mainly by the sudden occurrence of Mytilus edulis
(dominance maximum 63%). This coincided with an increase in the number
of Macoma baltica and the almost complete disappearance of Mysella
bidentata. Particularly the increase in M. baltica and M. edulis led to
higher biomass values. The values varied from 240 to 850 g/m“ and were
among the highest recorded for the Baltic Sea. The 850 g/m2 recorded for
one_sample consisted mainly of_ bivalves (824 g); Arctica_islandica 400
g/m“, Mytilus edulis 240 g/mz, Macoma baltica 130 g/m2 and Astarte
borealis 40 g/m“.

In September 1988, oxygen deficient water penetrated even into the
shallow parts of the Bay of Mecklenburg. Zoobenthos sampling in November
1988 showed that most of the species, found before the oxygen depletion
in September, had vanished. Only the bivalves Arctica islandica and
Astarte borealis survived. However, the number of species was again 24,
but the composition of the fauna had changed completely, the dominant
species being now Capitella capitata and Pygospio elegans. Halicryptus
spinulosus was found at this site for the first time. The number of
species and individuals remained low until March 1989 because the
recolonization by larvae swept in from the outer parts of the Liibeck and
Mecklenburg Bights in winter time was sparse in the winter 1988/89. In
May 1990, 30 benthic species were found, the composition of the fauna
being similar to that observed before September 1988. Except Macoma
cal carea, all species, common for this area, were present again.

Wismar Bay

Wismar Bay is a shallow region (water depth about 6 m) with a pronounced
phytal character down to a depth of 4 m. The deeper regions are covered
with very fine mud.

The benthic fauna consisted of 80 species, among which Heteromastus
filiformis, Scoloplos armiger, Pygospio elegans, Mytilus edulis and
Macoma baltica were the most common. The mean abundance was around 12600
ind./m2 and the mean biomass (wet weight) was about 700 g/mz.

Since Kruger and Meyer"s (1937) studies, changes in species composition,
abundance and biomass in this bay have been slight. Only two deposit
feeding polychaetes, Heteromastus Tfiliformis and Nereis succinea, which
have dominated the community sometimes and in some places, have been
added to the list of species in the meantime (Prena 1987).

Kadet Furrow

During salt water inflows, salt-rich water from the Kattegat enters the
Baltic Sea through Kadet- Furrow. Consequently, past studies have shown
that the diversity of the fauna there is particularly high owing to the
indrift of larvae (Lowe 1963; Schulz, 1969).
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Francke 1973). Matthdus (1978) estimates that the oxygen concentration
at a depth of 45 m in the Arkona Basin has decreased by 0.76 ml/l during
the past century.

According to HELCOM data oxygen concentrations less than 2 ml/l were
measured at stations BY 1 and BY 2 from August to November and some times
from May to November during the period 1983-1986.

Central Arkona Basin

Data from station BY 2 (BMP K4) (Fig. la), which is the only station with
complete time series from the period 1979-1988, is used to characterise
the deep central areas of the Arkona Basin.

During the investigation period, 1979-1988, the number of species have
decreased (Fig. 17). During the period 1979-1983 the mean number of
species was 16, during the next five year period only 11.5.

no of
species

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

Figure 17. Changes in the number of species at station BY 2 in the
Arkona Basin.

There has also been a clear change in species dominance (Table 3).
Earlier common species like Halcampa duodecimcirrata, Paraonis gracilis
and Aricidea jeffreysii have become very rare or even disappeared totally
during 1984-1988. Also less common, but characteristic species for this
area, like Pholoe minuta, Nephtys ciliata, Polydora quadrilobata,
Terebellides stroemi, Trochochaeta multisetosa and Pontoporeia femorata
have been absent or very rare since 1984. Scoloplos armiger is still
numerous when it occurs, but also this species has been less common -
1979-1983 it occurred at all sampling occasions, 1984-1988 only at 50%
of the sampling occasions. In general there has, since 1981, been a
strong reduction in the Macoma baltica population, which is one of the
reasons Tor the observed biomass decrease. On the other hand the
eutrophication resistent species Harmothoe sarsi and Halicryptus
spinulosus have become more important (Fig. 18).
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Total abundance (ind/mz) and biomass (exclusive Arctica
islandica) (wet weight, g/m“) and abundance and biomass
dominance at station BY 2 in the central Arkona Basin.

Table 4.

Year date coun- Abundance Bioxmass
try Total  doninating species Tot al doninating Speci es
1979 0610 S¥ 691 Scol opl os,  52% 16.71  Hacona, 42%
1106 s 435 Scol opl os,  43% 55.41  Xacoma, 93%
1980 0615 SF 8179 Capitella, 8% 30.96  Nacoma, 47%
0805 DOR 887 Diastylis, 46% 50.46  Xacoma, 70%
1113 s 1916 Scoloplos, 26% 15711 Macoma, 70%
1981 0518 DR 244 Scol oplos,  42% 41,35  Macoma, 77%
0829 SF 1400 Aicidea, 27% 66.50 Macoma, 82%
1119 s 879 acoma, 28% 117.24  Nacoma, 96%
1982 0512 DDR 122 Capitella, 17% 1517 Nacona, 96%
0518 S 567 hricidea, 43% 21.54  Kacora, 88%
1983 0516 DDR 54 Capitella, 50% 5.61  Nacoma, 95%
0525 SF 306  Aicidea, 21% 16.64  Kacowa, 66%
0525 S 239 Scoloplos, 33% 34,66  Macoma, 87%
1984 0507 DOR 3 Astarte e, 55% 1.3 starte €., 93%
0508 S 182 Capitella, 47% 136 Halicryptes, 42%
0613 SF 780 Capitella, 76% 2.72  tarmothoe, 57%
1985 0530 S 355 Scoloplos, 69% 4.42  Astarte e, 5%
0602 SF 298 Scoloplos 72% 2.32 Soloplos, 82%
1986 0521 S 637 Scol opl os,  75% 1420 Scol oplos,  84%
0526 SF 1414 Capitella, 42% 19.90  Scoloplos,
1026 DDR mn Astarte, 42% 22,91  Astarte, 99%
1987 0523 BRD b Harrothoe, 100% >0.01 Harmothoe, 100%
0602 SF 223 Harmothoe, 54% 1.90  Priapulus, 56%
0612 S 52 Harmothoe, 71% 0.81 Harmothoe, 96%
1988 0511 SF 400 Scoloplos, 77% 3.01  Scoloplos, 64%

Southern Arkona Basin

Bent hos studi es were conducted at depths between 25 an 41 m north east
of the island Riigen from 1984 to 1986. Comparison of the results was
possible with data collected in the sane area in 1980 (Gosselck 1985)
and 1957 (L&we 1963).

Despite variations in the individual nunbers of species and seasonal
variations, the situation during the period from 1984 to 1986 was quite
stable (Fig. 19). Between 24 and 28 species were found, the annual nean
bi onass (wet weight) varied from 100 to 200 g/m2 (mean=114 mz) and the
annual mean nunber of individuals from 1000 to 2000 ind./m* (nean 1584
ind/mz), except in July 1984, when al nost 3000 ind./mz were found (Fig.
19). Peaks were observed when the popul ations of a few taxa increased
drastically (maxi mum val ues e.g. June 1986: 8920 ind./mzv, i ncl udi ng 6850
speci mens of Capitella capitata; February 1985: 11030 ind./m2 i ncl udi ng
5520 specinens of Mytilus edulis and 3250 Hydrobiides).
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5.3.4 Eastern and_central part of the Southern Baltic Proper
J. Warzocha

The present report is based on quantitative macrofauna samples collected
within 1978-1988 at two BMP stations, Bornholm Deep, BY 5 (BMP K2) and
Gdansk Deep, BCSIII-15 (BMP L1), by the Institute of Environment
Protection in Gdansk (Fig. la), and at 97 stations distributed over the
whole area, collected by the Sea Fisheries Institute in Gdynia (Fig. 20).

The bottom of the area studied contains three depressions: the Bornholm
Basin (max. depth 90 m), the Slupsk Furrow (max. depth 90 m) and the
Gdansk Basin (max. depth 110 m).

Soft mud covers areas at depths below 50 m in the Bornholm Basin, and
below 70-75 m in the open Gdansk Basin and 10-30 m in the inner Bay of
Gdafisk. Sediments in the shallower areas are sandy. The Slupsk Furrow is
an erosion area with till and gravel in the outer parts and clay covered
by mud in the central part.

Salinity in the near-bottom layer change from West to East from about 17
ofoo in the Bornholm Basin, 15 ofoo in the Slupsk Furrow to 13 o/oo In
the Gdansk Basin. The stable halocline is generally formed at about 60
m in the Bornholm Basin, at 60-70 m from West to East in the Slupsk
Furrow and about 80 m in the Gdansk Basin. The summer thermocline is
generally formed at about 30 m, at maximum 40 m.

During the period 1978-1988 increasing oxygen deficiencies under the
halocline in the Bornholm and Gdansk Basins have been observed; the areas
affected being devoid of macroscopic life.

. ST e ..
ipsi fuccaw

. 80

Figure 20. Area studied and stations sampled in the Southern Baltic
Proper (K-2 = BY 5, L-1 = BCS 111 15).
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In the deepest part, the Bornholm Deep (90 m), the biomass was dominated
by bivalves during the first half of this century. Since the
deterioration of the bottoms in the early 1960s the zoobenthos community
has been dominated by polychaetes, mainly by Scoloplos armiger and
Harmothoe sarsi (Zmudzinski et al. 1987). In 1979-1980 a recolonization
by 4-5 species, dominated by S.armiger was observed (Fig. 22). From 1981
to 1983 no macrofauna was found except in September_1982 (Diastylis
rathkei, S.armiger, Astarte borealis, 10 ind./m"). In 1984 a
recolonization was recorded by S. armiger (140 ind./m®“), H.sarsi (19
ind./mz) and a few M. baltica. In 1985-1986 H.sarsi and S. armiger were
found in spring, in autumn 1985 no macrofauna and in autumn 1986 only H.
sarsi. Since June 1987 until June 1988 no macrofauna has been recorded.

g.m2
7z
7
5- N
\?\ \\
N
“:‘- ‘\
4 N
N

1979 80 81 82 83

S.armiger H.sarsi

Figure 22. Changes in composition and biomass of macrofauna in the
Bornholm Deep (BY 5 = BMP K2).

Slupsk Furrow

The macrofauna inhabiting the slopes of the Slupsk Furrow does not differ
from that found 40 years ago. In the deepest part only, a continuous
decrease in Astarte spp. and increase of Scoloplos armiger biomass has
been observed, as compared to earlier studies (Fig.22).

Gdansk Basin

In the Gdansk Basin stable macrofauna communities occurred down to 75 m.

Below this depth, changes in composition and biomass of macrofauna was
observed during the period 1978-1988.
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Considerable changes were also observed in the northern part of the
Gdansk Basin. In 1980 and 1981 macrofauna occurred down to 85 m and the
bottom between 80 and 85 m was inhabited by an abundant fauna with
Scoloplos armiger, Macoma baltica, and Halicryptus spinulosus (Fig. 24).
In 1983 the complete disappearance of the bottom fauna in this area was
recorded. In 1984 macrofauna, with similar composition as in 1981, but
less abundant, recolonized this area. In 1985 and 1988 only S. armiger
was found in abundance not exceeding 10 ind./mz.

In the deepest part of the basin, the Gdansk Deep (110 m) the fauna was
rather diverse in 1967 consisting of Halicryptus spinulosus, Harmothoe
sarsi, Scoloplos armiger and Pontoporeia femorata, the biomass being 6.5
g m® (Fig. 25). In the period 1968-1982 no macrofauna or only semipelagic
H. sarsi and sporadically juvenile specimens of benthic animals were
recorded. In 1983 a recolonization by H. sarsi took place, with a maximum
abundance of more than 200 ind./mz. In 1987-1988 the bottom was again
devoid of macrofauna.

In the shallow Puck Bay the biomasses va%ues found 1in 1987 were
considerably higher than in 1979 (396/172 g/m“ respectively) (Osowiecki
and Zmudzinski, pers.comm.)

Conclusions

Above the halocline in the Bornholm Basin, Slupsk Furrow and Gdansk
Basins the fauna has been stable during the period 1979-1988. Even
compared to older data changes are very small.

In the Bornholm Basin, below the halocline, the macrofauna abundance and
biomass have been fluctuating very much. Periodically the deepest part
has even been devoid of macrofauna.

In the deepest part of the Slupsk Furrow a shift in species composition
has taken place.

In the Gdafisk Basin below the halocline an overall decrease in
macrobenthos abundance and biomass has been observed 1979-1988. In the
deepest part, were the fauna has been either absent or very poor since
1968, a recolonization was observed in 1983, probably as a response to
an inflow of oxygenated water. In 1987-1988 the bottom was again totally
devoid of macrofauna.

5.3.5 Central and Northern Baltic Proper
H. Cederwall

This sub-area covers about 2/3 of the Baltic Proper. About 40 % of the
area lies below the halocline (at ca 70 m) and the very deep area (below
140 m) makes up about 10 % . There is a significant difference between
the eastern and western shorelines of the area. The western coast is
broken with large archipelago areas and fjords, while the eastern coast
is very open and contains a considerably greater proportion of shallow
bottoms.
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Below the halocline the sediments are, in the whole subarea, almost
exclusively fine-grained, with high contents of water and organic matter.
The bottoms above the halocline are significantly different in the
Western and Eastern Gotland Basins. The Eastern Gotland Basin has a much
higher percentage of sandy bottoms.

There are a great number of pollution sources on both sides of the
subarea. Because of the natural water circulation the polluted water is
concentrated to the coastal areas, and therefore the effects on
zoobenthos are greater near the coasts.

Sampling stations and investigation areas are shown in Figure Ib.
Eastern Gotland Basin

At station BCS 111-10 (=BMP K1, 90 m), below the halocline in the
southernmost part, the fauna has been rather variable since the mid-1960s
(Figs. 26 & 27). Peaks in abundance and biomass were found in the periods
1965-71, 1978-81 and 1984-86. In between the fauna has been greatly
impoverished. There is a negative long-term trend in both abundance and
biomass. Taxa like Nemertini, Halicryptus spinulosus, Aricidea jeffreysi,
Terebellides stroemi, and Saduria entomon mainly occurred in the 1960s
(Fig. 26) and have (with one exception) not been found during the 1980s.
On the other hand species like Priapulus caudatus and Macoma baltica were
absent up to the mid 1970s. On the whole the number of taxa has decreased
since the 1960s. For the period 1984-1988 the community first grew
(1984-1985) but thereafter decreased (1985- 1988) (Fig. 26).

According to Warzocha (1984) the biomass in this area was lower in 1981
than in 1951-1952. Data from May 1987 (Rumohr, unpublished) shows that
the fauna on 74 m, in the southernmost part, was fairly well developed
compared to the situation on 90 m. In fact the results from 74 m in 1987
resemble the results found on 90 m in the late 1970s.

In the deeper parts, further north in the Eastern Gotland Basin,, no
macrofauna was found in 1976 (124-240 m, Lagzdins & Persson 1981). In
1978 the fauna in the central part of the Eastern Gotland Basin was well
developed down to 74 m, existed at 92 m but was not found at 130- 150 m
(Persson et al. 1985). In 1980 fauna was found down to 105 m, in 1981 to
140 m but in 1982 was not found at all from 85 m down (Andersin unpubl.)
and the fauna was reduced even at the 70 m-level. In 1984 though Seire
(1988) found Scoloplos armiger at 110 m and Harmothoe sarsi down to 140
m in the southeastern part of the basin. One year later he found a well
developed community at 83 m but only Harmothoe at 119-130 m and no fauna
below that depth. Jarvekiilg and Olenin (1989) reports that on the eastern
slope of the Eastern Gotland Basin the fauna was fairly well developed
down to about 80 m in 1985-88, between 80 and 120 m the fauna was greatly
impoverished (< 100 ind. per m2) and below 120 m no fauna was found. This
agrees well with what Persson et al. (1985) found in 1978. In 1987 fauna
was found down to 150 m but in 1988 only to 130 m (Andersin unpubl.).
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In the depth zone just below the halocline in the Landsort area (70-90
m) the number of taxa as well as abundance and biomass were very low in
the 1970s and early 1980s (Cederwall 1978 and unpubl., Ankar 1986,)
During the period 1984-88 the fauna and the diversity has increased
(Cederwall 1988, 1989). This is an effect of higher oxygen concentrations
during later years in this depth interval.

At two shallower stations (35 and 65 m) close to Kopparstenarna lower
abundance but higher biomass was found in 1987 (Cederwall 1988) than in
1982 (Ankar 1983).

In the outer parts of the Stockholm archipelago the abundance above the
halocline was cut by 50% from 1980-81 to 1985-86 (Ankar 1987). It was
mainly the species Harmothoe sarsi, Pontoporeia affinis and Macoma
baltica that decreased. Allthese changes are statistically significant,
while the parallel increase in total biomass is not. It cannot be stated
that the observed changes have been caused by pollution from the
Stockholm area.

In the depth zone above the halocline in the Landsort area, the biomass
has increased since the early 1970s, parall el to a decrease in abundance.
This is caused by a shift in dominance from Pontoporeia affinis to Macoma
baltica (Ankar 1986). During the 1980s there has been an increase in
Saduria entomon, which was quite rare in the 1970s. Probably as a
consequence of this increase the other predator, Harmothoe sarsi has
decreased strongly. Although both increased biomass and the dominance
switch from Pontoporeia affinis to Macoma baltica are (generally
considered to be signs of eutrophication, neither the magnitude nor other
changes in species composition so far can exclude other explanations to
the observed long-term changes (Cederwall 1988).

Western Gotland Basin

Also in the Western Gotland Basin there has been an increase of the fauna
in the depth zone just below the halocline (75-110 m). This increase is
visible 1iIn both number of taxa and abundance as well as biomass
(Cederwall 1989). At station BY 38 (=BMP 11, 110 m), a station devoid of
macrofauna since 1965, Harmothoe sarsi was found for the first time in
1985, and the population still existed in 1988 (Fig. 33). On the other
hand Persson et al. (1985) found Harmothoe at station BY 34 (104 m)
already in 1978.

Also for the Western Gotland Basin, the increase in biomass between the
1920s and the 1970s reported for bottoms above the halocline (Cederwall
& ElImgren 1980), has continued into the 1980s (Cederwall 1989 and
unpubl.). Similar to the trend for the Landsort area there has been a
decrease in abundance in the shallower parts of the Western Gotland Basin
from the mid 1970s to the early 1980s (Cederwall 1989 and unpubl.). No
significant changes in species composition and dominance have taken place
west of Gotland between 1976-77, 1983 and 1988 (Ankar 1984, Cederwall
1989).
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Conclusions

In the deepest zone, below 140 m, there is no macrofauna, and this area
has, to our knowledge, been almost completely devoid of macrofauna since
the late 1960s.

For the intermediate layer, between the halocline and ca 140 m, the
changes have been different in different areas. In the southern part of
the Eastern Gotland Basin the fauna has been slowly impoverished since
the 1960s. The salt-water inflows in 1979-80 and 1982-83 resulted in
temporary increases. The reason for the disappearance, or decrease, of
species like Aricidea and Scoloplos can possibly be decreasing salinity
or magnitude of water renewal. However, there seems to be a general trend
of decreasing number of species in the deeper parts of the Southern
Baltic Proper (see Sections 5.33-5.34).

The situation in the central part of the Eastern Gotland Basin resembles
that of the southern part, with declining benthic communities, but with
generally lower figures. Also here the temporary positive effects of the
mentioned salt-water inflows are evident.

In the Northern Basin and the Western Gotland Basin there has, during the
19808, been an increase in and/or colonisation by benthos on bottoms in
the intermediate depth zone; this is caused by the increased oxygen
content of the water in the intermediate layer. That is in turn caused
by an increased inflow of water from Kattegat, not saline enough to
penetrate into the deepest parts of the Eastern Gotland Basin.

In the areas above the halocline increased biomass is reported from both
the Eastern and Western Gotland Basins. The increase between the 1920s
and the 1970s reported in the First Periodic Assessment (Zmudzinski et
al. 1987) has most likely continued into the 1980s (p<0.06, n=20,
Cederwall unpubl.). If this increase had been caused by longlived and
slowgrowing animals being replaced by shortlived, fastgrowing ones, the
biomass increase could not have been correlated with 1increased
production. However no significant changes in dominance and species
composition have occured. Therefore it seems quite reasonable to assume
that macrobenthic production has increased.

5.3.6 Gulf of Riga
G. Lagzdins

In the Gulf of Riga zoobenthos studies has been carried out almost
continuously during the period 1945-1985, with a vyearly sampling
frequency of 1-3. The results show a very big biomass increase combined
with a small decrease in abundance. This can be explained by an increase
of molluscs and a decrease in crustaceans, e.g. Pontoporeia spp has
disappeared in polluted coastal areas.

In the deeper central parts of the Gulf the situation was worst in the
1970s. An improvement has been observed in the 1980s, caused by greater
influxes of Baltic water. At present the situation is the same as before
the 1970s.
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1978, 1984). The Tfirst information of deteriorated bottoms at the
entrance to the Gulf of Finland originates, however, already from the
1950s (Shurin 1968) but there seems to have been a somewhat better
situation again in the early 1960s, probably caused by improved oxygen
conditions due to the big inflow of saline water in 1952.
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Figure 34. Variations in the total abundance and species composition
at station LL 11 at the entrance to the Gulf of Finland
during the period 1966-1988. (1966-1978 data according to
results from the Finnish Institute of Marine Research).
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Figure 35. Variations in the total biomass (formalin wet weight) and
species composition at station LL 11 at the entrance to the
Gulf of Finland during the period 1966-1988. (1966-1978
data according to results from the Finnish Institute of
Marine Research).
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Variations in the total abundance and species conposition
atstation LL 4a in the nmiddle part of the Gulf of Finland
during the period 1965-1989. (1966-1978 data according to
results fromthe Finnish Institute of Marine Research).
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Variations in the total biomass (formalin wet weight) and
species composition at station LL 4a in the mddle part of
the Qulf of Finland during the period 1965-1989. (1966-
1978 data according to results fromthe Finnish Institute
of Marine Research).
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Variations in the total abundance during the period 1979-
1988 (a) and in the total abundance including species
conposition during the period 1965-1988 (b) at station F
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during the period 1965-1988 (c) at station F 64 (280 m) in
t he Aland Sea.
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Both stations show the sane general pattern in the fluctuations of the
total abundance during the last 10 years (Figs. 40a, 42a). M ninum val ues
are recorded in the beginning of the period and around 1984-1986, naxina
1981- 1982 and 1987-1988. These fluctuations are in accordance with the
long-term cyclic fluctuations described earlier fromthis area (Andersin
et al. 1978). During the period 1979-1988 no trend can be observed in the
abundance. Wen the results fromthis period is conpared with ol der data
(Figs. 40b, 42b) no trend can be detected at station US 6b. At station
SR 5 sonme signs of an increase can be observed, both maxi mum and nini num
val ues bei ng higher during the 1980s than during 1960s and 1970s.
Met hodol ogi cal differences in sanpling and different sanpling tine nay,
however , influence the longterm results (Andersin et al. in prep.) and
thus this very snall difference may be negligible also in this case.

The bi omass val ues for the period 1979-1988 show, when the big, |ow
abundant Saduria entomon is excluded, the same pattern as the abundance
val ues (Figs. 40b, 42b). Saduria entomon varies strongly dependi ng on
size, but at both stations Saduria entomon forns, despite size
variations, about 50 % of the total biomass (Figs. 4lc, 43c). Conmpared
with data fromthe 1960s and 1970s no trend is detectable (Figs. 41c,
43c).

Bothnian Bay

The species conposition at the two stations in the Bothnian Bay are
nureri cally dom nated by Pontoporeia affinis as in the Bothnian Sea,
al t hough the abundance val ues are nuch lower. O her species occurring are
Prostoma obscurum, O igochaeta sp. and Saduria entomon. As regards the
fluctuations in abundance and biomass the two stations are not as sinilar
as those in the Bothnian Sea.

At station C VI (=BMP A2) in the northern part of the Bothnian Bay the
general pattern of the devel opment during the period 1979-1988 resenbl es
that in the Bothnian Sea with two abundance mexima (Fig. 44a). The
maxi nrum at the end of the period is sonewhat higher than that in
1980-1981. Conparison with ol der data shows a quite clear increase in the
total abundance during the period 1965-1988, caused mainly by an increase
of Pontoporeia affinis (Fig. 44b) The same devel opnent can be seen when
the bi omass val ues are examined (Fig. 45a-c). Wien Saduria entomon is
excl uded the bionmass increase is evident both within the period 1979-
1988 and within the |onger period 1965-1988.

At station BO 3 (=BMP A3) practically no macrofauna at all was recorded
in the beginning of the period 1979-1988. 1In 1983 the first signs of
recovery was observed, and in 1986-1988 a Pontoporeia popul ation, very
dense for Bothnian Bay circunstances, has devel oped (Fig. 46a). The sane
devel opnent is seen in the biomass values (Figs 47a-b). Only during the
| ast years big Saduria entomon specimens have been recorded. A |ook at
the data from 1965 onwards (Figs 46b, 47c) shows that the devel opment up
till 1977 was quite sinmilar to that at station C VI until the break down
in 1980, with typical abundance periodicity and an overall weak increase
in both abundance and biomass.
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Figure 40. Variations in the total abundance during the period 1979-
1988 (a) and in the total abundance including species
conposition during the period 1965-1988 (b) at station SR
5 (120 n) in the southern part of the Bothnian Sea.

g/m 2

i A Total biomass 40
” 1979-1 988

M Finland, May/June 30 -

L2 Sweden, May/June

1988, GDR, May/lune
{7 Sweden, Nove#nber 20

1986 1987 1988

I h
Ty
oy !

1979 1980 1981» 1982 1983 1984 1985 1986 1987 1988
C. 1965-| 988 according to data from the FIMR

1979 1980 1981 1983 1984 1985

B. Tot. biomass exclud.
aduria entomon

. WEB pontoporeia affinis
g ? [ay: E‘aduriahemomon
30 — v, armothoe sarsi +
! X 222 Oligochaeta sp +
Eé:
|

Pontoporeia femorata

20 - o0 X7 :
hanaanlli 1
0 Tloes 1970 1975 o
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Figure 42. Variations in the total abundance during the period 1979-

1988 (a) and in the total abundance including species
conposition during the period 1965-1988 (b) at station US
6b (80 m)in the northern part of the Bothnian Sea.
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Figure 43. Variations in the total biomass (a) and the biomass
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during the period 1965-1988 (c) at station US 6b (80 n) in
the northern part of the Bothnian Sea.
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Figure 44. Variations in the total abundance during the period 1979-
1988 (a) and in the total abundance including species
conposition during the period 1965-1988 (b) at station C
VI (70 mM in the northern part of the Bothnian Bay.
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Figure 45. Variations in the total biomass (a) and the bionass
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and in the total bionmass including species conposition
during the period 1965-1988 (c) at station CVI (70 n) in
the northern part of the Bothnian Bay.
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Figure 46. Variations in the total abundance during the period 1979-
1988 (a) and in the total abundance including species
conmposition during the period 1965-1988 (b) at station BO
3 (103 m in the central part of the Bothnian Bay.
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Figure 47. Variations in the total biomass (a) and the bionass
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and in the total bionmass including species conposition
during the period 1965-1988 (c) at station BO3 (103 n in
the central part of the Bothnian Bay.



269

Coastal areas

Results fromareas not directly influenced by pollution are rather sparse
along the coast of the Gulf of Bothnia. In the northern Bothnian Sea, in
the Norrby area, benthos investigations have been carried out since the
begi nning of the 1970s (Leonardsson 1989). The results indicate
i ncreasing biomasses since the 1970s. Results from recent revisiting of
stations sanpled in the 1920s show a bionmass increase of 5 times for the
Bot hnian Sea, with the |ower confidence lint well above interannual
fluctuations (Cederwall & Blongvist, in press). Results fromrevisiting
stations sanpled 1958-1961 in the southern Bothnian Sea and Aland Sea
al so showed significantly higher biomass values (Cederwall & Blongvist,
in press). A conparison of the results fromthe 1920s, 1950s and 1980s
i ndicates that the biomass increase mainly took place after the 1950s.

In the Bothnian Bay the nearshore stations sanpled in 1986 by Cederwal |
and Leonardsson (1987) did not show any clear difference when conpared
with data fromthe 1970s. Neither did the results fromrevisiting, in
1986-87, the old stations from the 1920s reveal any significant
differences (Cederwall & Blongvist, in press).

In the Archipelago Sea fish farming has increased strongly during the
| ast 20 years, consequently the nutrient |oad. Zoobenthos investigations
have been carried out by different persons and institutes during the |ast
oyears (cf. Zmudzinski et al. 1987, Ppitkdnen & Kangas 1987). Junppanen
(1986) reviewed the eutrophication state of this area by means of bottom
fauna and coul d report that the biomass had doubl ed during the last 20
years. Results fromthe Aiand Archipel ago show changes in the bottom
fauna which can be explained by a general eutrophication of the whole
area (Bonsdorff et al. 1990).

Qutside pollution sources varying changes in the macrobenthic conmmunities
have been reported. A conpilation of information given by Cederwall (in
Bernes 1988) and by Pitkanen & Kangas (1987) show that the general trend
has been an inprovement during the last 20 years, visible as
recolonization of earlier deteriorated bottons and changes in species
conposi tion. The devel opnment can be seen as a response to the inprovenent
of the techniques for treating sewage and nore strict rules for sewage
di scharge. However, there still exists areas where no changes have taken
place or the situation has grown worse

Concl usi ons

In the deep areas of the Aland Sea a strong decline of the fauna has
taken place during the years 1984-1988. At present there is no
explanation for this decline.

In the open sea areas of the Bothnian Sea no trend in the nacrobenthic
abundance and bi omass fluctuations could be observed during the period
1979-1988. The same was in general valid for nore nearshore stations from
whi ch, however, a considerable bionmass increase has been reported when
val ues fromthe 1920s and 1950s has been conpared with those fromthe
1970s and 1980s.
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In the Bothnian Bay the nacrobenthos at the open sea stations showed a
weak continuing increase of both abundance and biomass. In the southern
deep of this area (BO3 = BWP A3) the fast recovery of a Pontoporeia
affinis popul ation could be observed, which crashed in the late 1970s.

In areas close to pollution sources the general trend in the last 15
years has been positive, although there are still areas with a negative
trend. This devel opment can be seen as a reaction on nore strict rules
for sewage discharge and inproved techniques for sewage treatnent.

SUMMARY

In the northern part of the Kattegat, the zoobenthos biomass has
increased as a result of the increased deposition of biogenic organic
material to the bottom

In the southern part of the Kattegat just bel ow the halocline, as well
as in the deeper areas of the Belt Sea, a situation of reduced zoobenthos
bi omass and even macrof auna death, reported for the period 1979-1983, has
continued during the period 1984-1988. This reduction is coupled to a
nore frequent occurrence of seasonal oxygen deficiency and, in some
pl aces, even the occurrence of hydrogen sul phide during the 1980s.

In the deeper parts of the Arkona Basin, a deterioration of the fauna has
taken place during the 1980s. At station BYl (k7), macrof auna death was
recorded for the first time in June 1989. This decline is associated with
the increased frequency of |ow oxygen values in the 1980s.

Bel ow the halocline in the Bornhol m Basin, the permanent bottom fauna
di sappeared in the 1970s. Al though inflows of saline water occurred
during the period 1979-1988, the periods wth favourable oxygen
condi tions have been short and only the occasional presence of bottom
fauna has been recorded. In the Gdansk Deep, a strong deterioration of
t he nacrofauna has taken place since 1978, and the area devoid of
macr of auna has increased since 1979. In the Eastern cgotland Basin, no
renewal of the bottom water has occurred during the last 13 years, and
the area bel ow about 130 m has been devoid of macrofauna during the
period 1979-1988.

In the Eastern Gotland Basin fromthe halocline (ca. 80 n) down to about

130 m there has been a clear decrease in both the abundance and biomass
of macrozoobenthos during the last 25 years. 1In the Northern Centra

Basin, the entrance to the Gulf of Finland and the Western Gotland Basin

the devel opment at this depth interval has been different. Firstly, a
recovery has been recorded in areas with an inpoverished fauna; secondly,

bottons fornerly devoid of macrofauna have been recolonized. These
changes can be explained by an inprovement in the oxygen conditions.

In the middle part of the Gulf of Finland, where the fauna of the deep
areas deteriorated in the 1970s, a nornal nacrofauna conmunity has been
re-established in the period 1986-1989
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In the areas above the halocline in the Baltic Proper, the Gulf of Riga,
the Gulf of Finland and the Archipelago Sea, an increase 1iIn the
zoobenthos biomass values has mainly been reported, interpreted as a
response to the general eutrophication of the Baltic Sea.

In the entrance area to the Gulf of Bothnia, i.e., the Aland Sea, a
decrease iIn both the abundance and biomass of the zoobenthos has been
recorded in the deepest part of the area. In shallower areas, there is
no evidence of a change.

In the open area of the Bothnian Sea, no trend has been observed during
the last 20 years, but the zoobenthos values are significantly higher
than those reported in the 1920s. In the open areas of the Bothnian Bay,
an increase in both the abundance and biomass has been reported since
1965.

Locally polluted areas along the coast of the Gulf of Bothnia have shown
a general improvement during the last 20 years, although there are some
exceptions. This Improvement must be seen as the result of changes in
industrial processes, sewage treatment and stricter regulations. From the
other regions of the Baltic Sea, the information about Ilocally polluted
areas is too scarce to draw conclusions.
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ABSTRACT

This chapter provides a summary of the state of the comercial fish
stocks in the Kattegat and Baltic Sea from 1970-1988. For stocks of cod
(Gadus morhua), herring (Clupea harengus) , and sprat (Sprattus sprattus),
information is provided on yearly landings, fishing nortality (F)
spawni ng stock bionmass, total biomss, and number of recruits at age 1,
as estimated from Virtual Population Analysis (VPA), for the nain fish
stock assessment areas in the Baltic Sea. Some information is also
provi ded on stocks of plaice (Pleuronectes platessa), dab (Limanda
limanda), sole (solea vulgaris), flounder (Platichthys flesus) and, for
the Kattegat only, Norway |obster (Nephrops norvegicus). The influence
of adverse environnental conditions, mainly |ow oxygen content in bottom
waters, on the denersal fish stocks is described for each species and
area affected
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N el sen, Danish Fisheries and Marine Research Institute, Charlottenlund).

Dr 0. Bagge, Danish Fisheries and Mirine Research Institute,

Charlottenlund, also contributed to this work. Dr R Gainger, |CES
Statistician, provided initial editing of the chapter, which was conpiled
and finally edited by Dr J.F. Paw ak, |CES Environment Oficer.
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6.1 INTRODUCTION

This chapter provides a summary of the state of commercial fish stocks
in the Kattegat and the Baltic Sea over the past twenty years, based on
the work of three working groups under the International Council for the
Exploration of the Sea: 1) the Working Group on the Assessment of
Demersal Stocks in the Baltic, 2) the Working Group on the Assessment of
Pelagic Stocks in the Baltic, and 3) the Division IIIa Demersal Stocks
Working Group. These assessments have been made according to ICES
Sub-divisions of the Baltic Sea, as shown in Figure 1.
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Figure 1. ICES Statistical Rectangles and Sub-divisions in the Baltic

Sea. Division IIIa includes the Kattegat (Sub-division 21)
plus the Skagerrak.
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6.2 DEMERSAL FISH STOCKS

Information on stocks of the Tfollowing demersal, i.e., bottom or
near-bottom living, TFfish is provided here: cod (Gadus morhua), plaice
(Pleuronectes platessa), dab (Limanda limanda), sole (Solea vulgaris),
and flounder (Platichthys flesus). In addition, some information is also
provided on Norway lobster (Nephrops norvegicus) in the Kattegat.

Because these species of fish live on or near the bottom of the sea,
they are particularly susceptible to near-bottom low oxygen
concentrations. In the central and southern Kattegat, reduced near-bottom
oxygen concentrations in the autumn have been observed increasingly over
the past two decades. Figure 2 shows seasonal variations in the monthly
mean concentrations of oxygen near the bottom during different time
periods since 1904 at or near a position 20 n.m. southeast of Anholt in
the Kattegat at a depth of 30-40 m (Ertebjerg Nielsen et al., 1981), with
observations for 1987, 1988, and 1989 added separately (Bagge et al.,
1990). In addition to the decrease in deeper water and bottom oxygen
concentrations since the period 1974-1978, the area with low oxygen
concentrations during autumn has expanded also to shallow water (10-15
m) in the Kattegat (Bagge et al., 1990).
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Table 1. Assessment of cod in the Kattegat.
Spawn . stock Total Number of
Landings F biomass biomass recruits

Year 1,000 t (3-9) 1,000 t 1,000 t in millions
1971 15.7 0.6 29.2 66.1 37.2
1972 17.4} 17.3 0.56 0.70 37.9} 35.0 68.7 22.7]» 25.1
1973 18.8 0.9% 38.0 65.2 15.5
1974 21.9 0.98 36.4 68.7 30.3
1975 1'5.5} 17.9 0.65} 0.80 24.2} 32.9 63.8 26.0} 25.3
1976 16.3 0.78 31.6 57.9 11.0
1977 20.1 1.04 32.4 60.9 29.5
1978 13.4} 16.8 0.83} 0.83 20.7} 26.5 58.4 23.4} 21.2
1979 14.8 0.62 26.3 50.5 10.8
1980 13.5 0.68 26.5 44 .3 14.4
1981 15.3}— 10.4 0.86} 0.92 21.9} 21.3 41.3 17.1} 17 .4
1982 12.5 1.21 15.6 38.7 20.6
1983 12.8 1.09 15.7 40.3 20.5
1984 11.9} 12.5 1.16} 1.16 16.4} 16.1 36.5 11.4]» 13.6
1985 12.7 1.22 16.3 29.4 8.8
1986 9.1 1.22 12.5 28.6 17.1
1987 11.5} 8.9 1.42} 1.28 9.0]: 9.7 21.6 5.7} 12.5
1988 6.1 1.20 7.7 19.2 14.7

6.2.1 cod
Cod in the Kattegat

The devel opment of the cod stock in the Kattegat is shown in Table 1.

Yearly landings, fishing nortality (F), spawning stock biomass, tota

bi onass, and number of recruits at age 1, as estimated from Virtua

Popul ation Analysis (VPA), are shown. Recruitment is the process by which
fish enter a fishery by growing to a catchable size or mgrating to an
area where fishing takes place. A though recruitnment to the stock has
varied, applying neans for three years shows a clear downward trend, with
a reduction of 50% between the periods 1971-1973/1974-1976 and 1986- 1988
(from 25 x 10° to 12.5 x 10%) (Bagge et al., 1990).

Landi nas:

Landi ngs of cod have declined steadily since the late 1970s and during
the period 1979-1988 decreased from about 15,000 t to 6,000 t (Figure
3a). The level of |andings before 1979 was 13,000-22,000 t. The decrease
is due to a major decline in stock size.

Recruitment and spawning St ock

The downward trend shown in recruitnent during the period 1979-1988,
together with an increasing fishing nortality, has resulted in the
spawning stock biomass (i.e., the total weight of fish capable of
reproduci ng) showing a decrease from 27,000 t to 8,000 t during the same
period (Figure 3b)

Fishing nortality:

A distinct increase in fishing nortality has taken place, from about 0.6
in 1979 to 1.2 in 1988 (Figure 3a), due to an increased fishing effort
in the Norway |obster and sole fishery in which cod has been taken as a
by- cat ch.
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Figure 3. Cod in Sub-division 21 (Kattegat) 1971-1988.
a. Trends in yield and fishing mortality (F).
b. Trends in spawning stock biomass (SSB) and recruitment
(R).
Table 2. Assessment of cod iIn Sub-division 22.
Spawn.stock Total No. of recruits
Landings F biomass biomass VPA 1-group
Year 1,000 t (3-7) 1,000 t 1,000 t in millions
1970 31.4 0.721 19.2 70.8 120.5
1971 32.1]» 32.1 0.91} 0.81 30.0]— 27.0 70.1 112.2} 127.6
1972 32.8 0.80- 31.8 82.0 150.2
1973 38.2 0.997 34.5 83.0 33.2
1974 31. 3]— 33.8 1.16} 1.08 37_1} 32.0 70.5 151.2} 85.2
1975 31.9 1.104 24.3 76.1 71.2
1976 33.4 1.281 37.7 75.5 57.
1977 29.5} 28.4 1.13} 1.07 23.(8)} 26.3 53.6 82.9 64.2
1978 24.2 0.80 19. 51.1 52.6
1979 26.0 0.76 29.9 48.1 24.8
1980 22.9]— 25.1 1.06} 0.96 29‘9} 28.8 46.5 69. 4} 39.4
1981 26.3 1.06 23.6 421 27.9
1982 21.0 1.15 21.0 34.9 51.7
1983 24.5} 24.2 1.03} 1.06 16 6} 21.3 35.8 75. 4} 47.0
1984 27.1 1.00 26.4 36.9 13.8
1985 22.1 1.37 26.7 32.1 9.9
1986 12. } 15.4 1.27} 1.21 14_8} 19.2 19.6 47. 3} 21.9
1987 12.1 0.98 16.2 25.6 8.4

1988 9.7 0.91 13.9 16.2 4.7
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Cod in the Belt Sea and Arkona Sea

The development of the cod stock in the Belt Sea (Sub-division 22) is
shown in Table 2. Yearly landings, fishing mortality (F), spawning stock
biomass, total biomass, and number of recruits at age 1, as estimated
from VPA, are shown for each of the years from 1970-1988 and grouped as
means of three years. The spawning stock biomass was relatively constant
until the period 1979-1981, after which it decreased by 30%. The Ilowest
spawning stock biomass on record was found in 1986-1988, with a reduction
of 40% compared to the mean of all preceding periods. The recruitment at
age 1 has dropped by about 80% since the period 1970-1972 (Bagge et al.,
1990).

Landinss:

The landings in the Belt Sea and Arkona Sea (Sub-divisions 22 and 24)
were constant at about 40,000-50,000 t until 1985, followed by a decline
to about 18,000 t in 1989. For the period 1970-1988 they are shown in
Figure 4a.

Recruitment and spawning stock biomass:

During the period 1979-1988, recruitment in these two areas has
fluctuated between 100 and 20 million at age 1 (Figure 4b). An overall
declining trend has been apparent since the mid-1970s, and since the year
class of 1982 all recruitment has been poor. This deterioration in
recruitment is most probably due to the deterioration of environmental
conditions in the bottom water layer. Berner et al. (1989) found that the
lower the oxygen content is in the Belt Sea during the month of May, the
lower will be the recruitment of cod during that year. The decline in
recruitment, together with the maintenance of a high fishing mortality,
resulted in a decrease in the spawning stock biomass from about 40,000
t in 1979 to about 22,000 t in 1988 (Figure 4b).

Fishina mortality:

Fishing mortality fluctuated around 0.9 from 1979-1985 (Figure 4a).
However, it rose to a very high level in 1986, possibly due to the severe
winters of 198511986 and 1986/1987, which resulted in a greater
availability of cod concentrating in warmer waters in the deeper parts
of the area.

Relationships with other cod stocks:

The stock of cod in the Kattegat is related to the stock in the Skagerrak
and the stock in the Belt Sea and Arkona Sea (Sub-divisions 22, 23, and
24) by passive migrations of eggs and larvae and active migration of
adult fish. The distribution of cod eggs and larvae and the exchange of
larvae between the Kattegat and the Belt Sea seems to have changed over
the past two decades (Bagge et al., 1990). It has been suggested that the
decline of the cod stock in the Kattegat 1is caused primarily by
recruitment failure in the southern Kattegat and the northern part of the
Belt Sea (Sub-division 22) and by a lack of exchange of larvae with the
Belt Sea and Sound (Sub-divisions 22 and 23) and, secondly, by a reduced
emigration of adult cod from the Sound (Sub-division 23) and, to a lesser
degree, from the Belt Sea and Arkona Sea (Sub-divisions 22 and 24) (Bagge
et al., 1990).




283

—— Yi€ld  uees F —— 558 wesa B
80 1.6 60 150
<
i 1.5 4
H H - ] a
I ST HAR: e
e |® ~ 5042 s 125 8
:= 1‘3‘,'.‘ g :- HH ‘ =
60 e - I I S o
_CTATREETE HEEE NS -7 (HHL /N £
2 SN H d H Tre 2 w0 : N 100 5
g sof— X C Hu ; 1.0 - HR'H 1y YN
5 KR . : oty 2 e H K 3 2 a
S A % N % ] - © » C oK * c
on 3 D 095 FHRNARN HERE: \
8 a0 \'f/ 0.85 B 30 Bl L BN S s 75 -
° 4 \ 5 e ARL RN : ®
N 0.7& € 3 HH H 2
o 30 \ 0.62 3 HH H ?‘ o
® —{ S S 20 HH H HE Y,
o 0.2 20 > H—T2% 50
s 8 8 ¥ 1 [[[YV] ¢
20 0.4%- - - g
o m Y 5
03g & 10 & Y25 3
10 0.25 3. ]
> 3]
0.1< -4
0 0.0 [ 0
1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988
Year Recruitment year class. SSB year
a b
Figure 4. Cod in Sub-divisions 22 and 24 (Belt Sea and Arkona Sea)
1970-1988.
a. Trends in yield and Tfishing mortality (F).
b. Trends iIn spawning stock biomass (SSB) and recruitment
(R).
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Cod in the Bornholm Sea, Baltic Proper, Gulf of Bothmnia, and
Gulf of Finland (Sub-divisions 25-32)

Landinas:

From a level of about 160,000 t in the 1960s and 1970s, the landings
increased to 400,000 t in 1984, the largest yield on record (Figure 5a).
From 1985-1989 the landings decreased again to less than 170,000 t. The
trend in landings closely reflects that in the spawning stock biomass.

Recruitment and spawnina stock:

Recruitment was very high for the year classes of 1976-1980 (Figure 5b).
Year classes from 1982 onwards were of low abundance, with the exception
of that of 1985.

The spawning stock increased from about 300,000 t before 1974 to about
800,000 t in 1980-1984 (Figure 5b) as a result of the strong recruiting
year classes. It decreased then towards the level which had persisted
prior to 1974 due to the lower recruitment and a high fishing mortality.

EFishina mortality:
Fishing mortality increased in the period 1979-1988 from 0.5 to about 1.0
(Figure 5a) due to a rise in TfTishing effort.

6.2.2 Plaice
Plaice in the Kattegat

The development of the plaice stock in the Kattegat, including yearly
landings, Tishing mortality, spawning stock biomass, total biomass, and
number of recruits at age 1, as estimated from VPA, is shown in Table 3
(Bagge et al., 1990).

Landinas:

The landings of plaice decreased from 10,000 t in 1979 to less than
4,000 t in 1982, after which they have remained fairly stable at this
very low level (Figure 6a). The decline in landings is due mainly to a
decline in stock size, although there has also been some decline in
fishing mortality (i.e., the relative numbers of Tfish dying as a result
of being caught). The 1988 landings of about 2,000 t were the lowest
recorded.

Recruitment and spawnina stock biomass:

In the 1980s, recruitment averaged only 60% of the average in the 1970s
(Figure 6b). This decrease iIn recruitment resulted in a corresponding
decrease in spawning stock biomass, which decreased from 30,000 t to
7,000 t between 1979 and 1988 (Figure 6b).

Recruitment has failed in the southern part of the Kattegat and the
northern Belt Sea because of adverse environmental conditions (low oxygen
content).

A decrease in the index for the yearly growth increment for plaice in the
Kattegat has been observed (Bagge and Nielsen, 1987; Bagge et al., 1990).



Table 3. Plaice in the Kattegat.
Spawn .stock Tot al Recruits
Landi ngs F bi omass bi onass VPA | -group
Year 1,000 t (3-9) 1,000 t 1,000 t in mllions
1968 11.6 0.56 21.2 47.0 67.9
1969 9_8} 10.8 0_54} 0.55 23 7} 24.7 47.2 48_5} 53.6
1970 10.9 0.56 29.2 47.7 44.3
1971 15.0 0.88 29.7 42.5 17.1
1972 15.8} 13.7 0.73} 0.72 23.6} 21.8 37.3 56.8} 33.2
1973 10.2 GC.56 12.2 29.2 25.7
1974 11.7 C.70 17. 2 32.1 54.5
1975 10_5} 10.6 0.60} 0.58 12_1} 14.2 40.7 94.5} 67.8
1376 9.7 C.45 13.3 46.7 54.4
1977 11.9 C. 60 30.0 47.0 28.7
1978 13_1} 11.7 CASS} 0.62 27.5} 25.9 36.9 l7.2} la_1
1979 10.0 0.67 20.2 24.6 8.5
1380 5.8 0.82 13.9 16. 8 7.4
1981 4_0} 4.2 0.55} 0.53 10_1} 10.8 14.2 14_4} 13.8
1982 2.9 0.42 a.a 17.0 19.5
1983 3.5 0.52 8.1 18.3 18.5
1984 3_6} 3.5 0.74} 0.53 a.3} a.s 17.2 17_3} 15.5
1985 3.4 0 33 9.2 16.3 10.7
1986 2.7 0.37 9.5 13.4 6.2
1987 3_2} 2.7 0_37} 0.36 10_3} 9.0 13.1 4.3} 4.2
1988 2.1 0.34 7.3 a.9 2.
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Fishina _mortalitv:

Fishing mortality was at a high level (0-45-0.75) until 1984, after which
it decreased to a level of about 0.35 (Figure 6a). This was due to
decreased Tishing effort on this species in the southern Kattegat during
summer and autumn in depths of more than 15-20 m because of low Ffish
abundance caused by the low oxygen content.

Plaice in the Belt Sea

Plaice landings from the Belt Sea (Sub-division 22) have been decreasing
since 1969, when they totalled 4,560 t; landings in 1989 were only 200
t, the lowest level since 1950. In the Arkona Sea (Sub-division 24),
landings of plaice decreased from 2000 t to 300 t from 1979-1988.

Analytical assessments of the plaice stock have not been made regularly,
but Figure 7 shows an assessment of spawning stock biomass and
recruitment prepared by Bagge and Nielsen (1989), based on available
information and certain estimates. The spawning stock biomass decreased
from nearly 6,000 t in 1970 to about 1,000 t in the mid-1980s; this was
caused by recruitment failure as in the Kattegat.
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Relationships with other plaice stocks

The stock of plaice in the Kattegat is related to the plaice stock in the
Skagerrak and the plaice stock in the Belt Sea by passive transport of
eggs and | arvae and active migration of adult fish. Larval surveys
(Anon., 1989) indicate the drift of larvae fromthe Skagerrak to the
northern part of the Kattegat and fromthe Belt Sea into the southern
Kattegat and vice versa. Tagging experiments on adult plaice have shown
that no inportant nmigration of adult plaice occurs fromthe Skagerrak to
the Kattegat or vice versa (Bagge, 1978). However, plaice fromthe
northern Belt Sea migrate into the southern Kattegat in the early spring
(Bl egvad, 1939; Sinobnsen et al., 1988).

6.2.3 Dab

Dani sh landings of dab in the Kattegat averaged about 1,700 t from 1978
to 1985, but since 1986 they have been around 1,000 t. Despite this
recent decrease in |andings by Danish fishermen, it appears that the
popul ation of dab in the Kattegat has increased since 1984 (Bagge et al .,
1990) .

In the Belt Sea, Danish landings of dab have ranged from 1,500 to 1,900
t since 1979. The size of the dab stock in this area has increased since
1982 (Bagge et al., 1990).

6.2.4 Sol e

Landings of sole in the Kattegat since 1975 have fluctuated between 200
and 800 t, with the lowest landings in the early 1980s. Sole landings are
mai nly by-catch in the Norway | obster fisheries. Sole recruitnment in
recent years has shown a large increase over recruitment in the 1960s
(Bagge et al., 1990).

6.2.5 Flounder

No regul ar assessnents have been made for flounder stocks in the Baltic
Sea.

In the period 1979-1989, the international landings in the Belt Sea
(Sub-division 22) decreased from about 3,000 t to about 1,300 t.

In the Arkona Sea and Bornhol m Sea (Sub-divisions 24 and 25), the
| andi ngs were al nost constant, between 5,000t and 7,000 t. Data fromthe
sout heastern Baltic Proper and Gulf of Gdansk (Sub-division 26) show
varying catches between 2,600 t and 1,700 t.

In the northern Baltic Proper, Archipelago Sea, Bothnian Sea and Gulf of
Finland (Sub-divisions 29, 30 and 32), Finnish and USSR data are
avai |l abl e showi ng stable |andings of about 1500 t during the period
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6.2.6 Norway lobster

The total landings of Norway lobster in the Kattegat decreased from a
recent high of 2,000 t in 1984 to 1,200 t in 1988 (1989 total figures
were not available). There is heavy fishing effort for Norway lobster in
this area, owing to a transfer of Fishing vessels from other areas and
the increased use of double trawl systems. Bagge and Munch-Petersen
(1979) have demonstrated that the catch of Norway lobster per hour
increases with decreasing oxygen concentrations near the bottom, and that
as oxygen levels decrease the percentage of females in the catch
increases. Thus, the low oxygen regime makes the Norway lobster more
vulnerable to the trawl fishery and reduces the protection of females
carrying the eggs, which, together with the increased fishing effort, put
a heavy stress on the stock of Norway lobster in this region.

The fishery has moved northward in the Kattegat in recent years and since
1988 there has been no Danish commercial fishery on Norway lobster in the
Kattegat south of latitude 56°40'N.

6.2.7 Reaction to Environmental Factors and Impact on Benthos by
Predation

Katteaat:

Since 1980 an increasing frequency of periods with oxygen deficit in the
bottom water during spring, late summer and autumn has been observed,
especially in the southern Kattegat. Values Iless than 2 ml/l are
frequently observed in September-October.

The composition of the bottom fauna has changed towards species which are
tolerant to oxygen deficit. In September and November 1988, the bottom
fauna In the basin south of Anholt was depleted in depths of 30 m. In
other areas, large amounts of dead echinoderms were taken by commercial
trawlers.

During summer and autumn, the commercial Tishing activities in the
southern Kattegat are restricted to pelagic species and to demersal
species in shallow water. The target species in this period was until
recently the Norway lobster, but since 1986 these oxygen depletion events
have caused mortality of Norway lobster and demersal Tfish species. Since
1988 the stock of Norway lobster has been at a very low level, making
commercial fishing on that species in the southern Kattegat unprofitable.
The impact on benthos due to predation is not known.

Belt Sea and Arkona Sea:

Low oxygen concentrations have been observed during summer and autumn
throughout the period 1979-1988 as well as several years before. Hydrogen
sulphide was observed during 1981, 1987 and 1988 in the bottom waters of
the Fehmarnbelt, Liibeck Bay and Kiel Bay, and in recent years also in
the southern Little Belt. Upwelling of these waters caused problems in
some coastal areas.

Due to the oxygen conditiona, the commercial trawl fishery on demersal
species In the deeper parts of the area is restricted to the period
December-April. The spawning time for cod, plaice and flounder is between
February and April at which time oxygen deficit does not occur.
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The impact of cod as a predator on the benthos and macroplankton during
the period 1978-1984 has been estimated. The mean biomass of
invertebrates annually consumed by cod was on average 100,000 t, but it
varies depending on the size of the cod stock. The ratio between
vertebrates (i.e., Tish) and invertebrates in the diet was found to be
2:1 (Schulz, 1987).

Bornholm Sea. Baltic Proper, Gulf of Bothnia and Gulf of Finland:

There are three main spawning areas for cod in the Bornholm Sea, Baltic
Proper, Gulf of Bothnia, and Gulf of Finland (Sub-divisions 25-32),
namely the Bornholm Basin, the southern Gotland Basin and the Gdansk
Deep. A Tfurther spawning area of minor importance is in the Slupsk
Furrow. Spawning occurs mainly from March to August, starting in the
Bornholm Basin.

The cod eggs, having a specific gravity of 1,009-1,012 kg/m3, float at
certain depths depending on the salinity. In the Bornholm Deep the
highest density of eggs is found at 50-70 m, whereas in the Gotland Deep
and the Gdansk Deep it is at 80-90 m. The lowest salinity that keeps the
eggs afloat is about 11 and the minimum oxygen content for survival of
the eggs is >2.0 mI/I. In lower salinities, the eggs will sink to the
bottom where normally they cannot survive. This means that the northern
border for successful reproduction is found in the Gotland Deep, though
the precise position of that limit may vary with salinity and oxygen.

Successful spawning seems to be positively correlated with the inflow of
saline water from the North Sea, which increases the salinity in the
bottom layer and improves the oxygen conditions below the halocline
(Kosior and Netzel, 1989). The increasing salinity makes the cod eggs
float higher in the water column where improved oxygen conditions result
in improved survival of the cod eggs.

The last inflow which was followed by a major improvement in oxygen
conditions was observed in 1981 and 1982. Since 1984 the oxygen
conditions have improved only for short periods and only in the Bornholm
Basin.

The cod stock feeds to a large degree on benthos, mainly Saduria entomon,
Harmothoe sarsi, various amphipods and Diastylis rathkei. The amount of
benthos eaten per year depends upon the size of the cod stock.

6.2.8 Relationship between Environmental Conditions and Life Stages
of Fish

The reproduction of cod, plaice, dab, and sole shows some common
features. They have pelagic eggs and pelagic larvae which take
nourishment from a yolk sac the first 6-8 days after hatching before
starting active Tfeeding. Cod, plaice, and dab spawn in February-March in
the Kattegat and in March-April in the Belt Sea, but dab has an extended
spawning time until April-May. The early spawning times coincide with or
are close to the phytoplankton spring bloom, although the dab still
spawns during the period thereafter. Sole is an early summer spawner,
when primary production is reduced to the summer level.
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Low oxygen values in the Kattegat and Belt Sea are not found during the
time of the pelagic phase of the eggs and | arvae of cod, plaice, dab, and
sole, and certainly not at the depths of O 15 mwhere the eggs and | arvae
are found. This means that the depletion of oxygen has no direct effect
on the survival of eggs and larvae of these species in the Kattegat and
Belt Sea areas (Bagge et al., 1990).

When the pelagic stage is finished after about two nonths, these species
begin their early bottom stage in shallow water. Plaice and sole occupy
very shallow sandy bottons (0.5-2.0 n). Cod are found at 2-6 min areas
with eel grass and brown al gae, and dab are found on soft nuddy bottons
in areas nore than 10 m deep.

Due to eutrophication, the growth of the al gae Ectocarpus siliclosus and
Chaetomorpha linum has increased heavily along the coasts of the southern
Kattegat and in the Belt Sea between 0 and 6 m covering the bottom |ike
a carpet during late spring and summer (Rask, 1990). This prevents the
young bottom stages of plaice and cod from feeding on Harpacticids, their
main food, which may introduce extra nortality. The bottom stage of sole
appears in late summer, when the al gae have disappeared at depths |ess
than 2.0 min the Kattegat and the young bottom stages of dab settling
in depths greater than 10 m are not affected

6.2.9 Rel ati onshi p between Hypoxia and Fish Diseases

In the Kattegat, annual investigations of diseases in the dab popul ations
have been carried out each May since 1984. Three diseases were studied

(1) lynphocystis (viral origin), (2) epidermal papillomas (presunmed vira

origin), and (3) skin ulcerations (often associated with bacteria).

During the first three years, the disease preval ence was relatively
constant at a low level in the southern Kattegat. In |late sumer 1986,
the first intensive oxygen deficiency took place in this area and has
been an annual event thereafter. Since that tine, the prevalences of the
two viral diseases studied have increased (see Fig. 8) (Bagge et al.,

1990) .

In a non-stressed fish population, the prevalence of the viral diseases
| ynphocystis and epidernmal papilloma increases with increasing age of the
fish (Mellergaard and Niel sen, 1984; 1985). If a dab stock is affected
by stress, e.g., by oxygen deficiency, the young fish appear to be nore
seriously affected by disease. Thus, a rapid spread of disease anong the
young age groups of dab seens to be responsible for the marked increase
in disease prevalence in the southern Kattegat from 1986 to 1987 (see
Figure 9) (Bagge et al., 1990). It can be expected that the disease
preval ence in the dab population in the southern Kattegat will renain
high until the area has been without oxygen deficiency for approximtely
four years, the tine it takes to build a new and healthy fish stock
(Mell ergaard and Niel sen, 1987; Bagge et al., 1990).
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Figure 8. Development of Tfish diseases in dab from Sub-division 21
(Kattegat) 1984-1989 (disease prevalence 1in percent).
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Figure 9. Age distribution of dab from Sub-division 21 (Kattegat) in
1986 (before oxygen deficiency) and in 1987 (after oxygen
deficiency).
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6.3 PELAGIC STOCKS

For the herring and sprat stocks in the Baltic Sea and Kattegat, the
effects of environnental factors are |ess obvious than for sone of the
demersal stocks. The environnent may play an inportant role in
determning recruitment, but for all the stocks considered here, the
nature of any such relationship is not yet clear. Simlarly, it is not
possible to draw precise conclusions as to what extent the fisheries have
influenced the stock fluctuations because of limtations in the present
stock data and assessnent methods. Recruitnent fluctuates very strongly
and the influence of cod predation is not fully taken into account in the
present assessnent due to a lack of detailed know edge of the
interactions between the species

6.3.1 Sprat

Sprat in the Southwestern Baltic Sea (including Sound and Belt
Sea)

The area conbined as an assessnment unit (Sub-divisions 22 to 25) includes
the shallow waters of the Belt Sea, the Sound, the Arkona Sea, and the
Bor nhol m Sea.

The western-nost parts are known to be spawning and nursery areas and may
also be a place where mixing with sprat fromthe adjacent Kattegat takes
place. The Bornholm Deep is a nmain spawning site of the stock.

From the early 19708, the spawning stock of sprat dim nished rather
qui ckly from about 400,000 t to only about 19,000 t in 1980 (Figure 10b).
This decrease was at least in part due to a corresponding increase in
fishing nortality (Figure 10a). Wthin the next five years, the spawning
stock bionmass increased to around 150,000 t follow ng the recruitment of
the very strong 1982 and 1983 year classes (Figure 10b) and a reduction
in fishing nortality. Between 1985 and 1988 the spawning stock again
decreased to a level of about 40,000 t.

Catches of sprat in this assessnent area rose, in response to increasing
fishing nortality, to a record level in 1977 of about 36,000 t (Figure
10a) and then decreased to a level of around 14,000 t in the beginning
of the 1980s. From 1985 to 1988, the yearly catch fluctuated between
15,000 t and 23,000 t. Fishing nortality was low in the beginning of the
1970s. It increased with the dimnishing stock size from0.07 in 1972 to
a record high value of 1.18 in 1977 and renai ned high until 1980. Fishing
nmortality decreased to 0.23 in 1983 and since then has been fluctuating
between 0.1 and 0. 3.

Sprat in the Southeastern Baltic and Eastern Gotland Basin

Landings of sprat in this area (Sub-divisions 26 and 28) declined from
a maxi mum | evel of about 120,000 t in 1972 to a mnimm|evel of about

15,000 t in 1983, and subsequently they have shown an increasing trend
(Figure Ila). Fishing nortality increased from 1970 to a maxi mum | eve

in 1978 and then declined to a minimumin 1983. Since then, fishing
nortality has remained |ow (Figure 11a).
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The spawni ng stock bionass declined rapidly from about 550,000 t in 1970
to about 25,000 t in 1981 (Figure Ilb). Following recruitment of the
strong year class of 1982, the spawning stock increased to about 300,000
t, where it remained between 1984 and 1988

Sprat in the Western Gotlamd Basin, Archipelago Sea, Gulf of
Finland, and Gulf of Bothnia

The sprat stock in these areas (Sub-divisions 27 and 29-32) is exploited
mainly as a by-catch in the herring fishery. Landings decreased froma
maxi num of about 85,000 t in 1973 to about 10,000 t in 1982, where they
have remained since (Figure 12a). A decline in fishing nortality followed
the decline in the |andings.

The spawni ng stock size fell steadily from 580,000t in 1970 to 64, 000
t in 1982, and has increased only slightly since then (Figure 12b).
During the 1970s there were two exceptionally strong year classes (those
of 1972 and 1975), but there was no conparable recruitnent in the 1980s
except possibly for the 1988 year class, which may be very strong.

6.3.2 Herring

Herring in the Southwestern Baltic and the Kattegat-Skagerrak
Area

This assessnent unit includes the Belt Sea, the Sound, and the Arkona Sea
(Sub-divisions 22-24) and spring spawners in the Kattegat and Skagerrak
(Division 11ra). Herring spawn at several locations in the area, but the
maj or spawning sites are found around the island of Riigen (Sub-division
24) .

A large proportion of the herring stock migrates into the Kattegat-
Skagerrak area and even into the North Sea, as indicated by tagging
experiments, vertebral counts and infestation rates by Anisakis sp. In
these waters they are exploited with autum spawners fromthe North Sea,
i ntroducing |arge uncertainties in the actual catch of spring spawners
from this assessnment unit.

Catches increased fromabout 90,000 t in 1976 to 211,000 t in 1985,
dropped to 144,000 t in 1987, but increased again to 230,000 t in 1988
(Figure 13a). Catches in the southwestern Baltic (Sub-divisions 22-24)
have been rather stable in the period 1975-1988, varying between 70,000
and 110,000 t. Fishing nortality has varied between 0.6 and 1.2 in the
period 1975-1988. The 1988 value was 0.76, which is approximtely 40%
above the level at which it is expected that the nmaxi num sustai nabl e
yield would be taken, thus indicating that the stock is presently
expl oited beyond safe bhiological limts.

Spawni ng stock biomass increased from approximtely 80,000 t in 1977 to
270,000 t in 1985 and has since declined to a |evel of about 220,000 t
(Figure 13b). Recruitment has varied by a factor of 6 in the period
1977-1988. Year classes 1977, 1979, 1982, 1985 and 1986 are all
conparatively abundant and that of 1986 appears to be larger than any
previously observed. Recruitment in the 1980s has generally been at a
| evel twice that observed in the 1970s.
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Herring in the Bornholm Sea, the Southeastern Baltic and the
Western Gotland Basin

Landings of herring in these areas (Sub-divisions 25 to 27) rose from
1972 to reach a maximum of nearly 200,000 t in 1979, and then declined
to about 125,000 t in 1987 (Figure 14a). After an increase between 1972
and 1975, fishing mortality remained Tfairly steady at about 0.20
(approximately the F 1 level, which corresponds approximately to the
most profitable Ieve?’of fishing mortality) until 1984, after which it
rose rapidly to about 0.38 in 1988.

The spawning stock biomass, which had been at a level of about 600,000
t for the period 1972-1980, subsequently decreased to a minimum of
260,000 t in 1988 (Figure 14b); this is partly due to a reduction in mean
weights-at-age. Recruitment has fluctuated between about 3,000 and 8,000
million at age 1.

Herring in the Archipelago Sea and the Eastern Part of the
Bothnian Sea

In recent years, herring catches in these areas (eastern part of
Sub-divisions 29 North and 30) have been on a higher level than in the
1970s (Figure 15a). Fishing mortality has increased; the present F (0.18)
is at the level of Fo.3 (0.20) which is in theory the most profitable
level of exploitation in the long term. The spawning stock biomass was
stable in 1974-1988 and no trend can be observed in the recruitment
(Figure 15b). Thus, no significant changes took place in the state of the
stock from 1974 to 1988.

Herring in the Eastern Part of the Bothnian Bay

Catches of herring in this area (eastern part of Sub-division 31)
increased in the 1970s and were rather stable at about 8000 t in the
1980s (Figure 16a). Fishing mortality decreased during the 1980s; the
present F (0.13) is slightly below Fo 1 (0.16). The spawning stock
biomass has increased in recent years *(Figure 16b). There are major
variations in the recruitment, but no trend can be observed. The effect
of fishing on the stock is small.

Gulf of Riga herring

The main area of distribution of this stock is in the Gulf of Riga, with
these herring making only rather limited feeding migrations into the open
sea. The stock consists of two components: (1) spring spawning herring
that spawn in March-July, mainly at a depth of 3-10 m on bottom
vegetation, and (2) autumn spawning herring that reproduce in September
to October, mainly at a depth of 10-20 m on shallows. In the first half
of the 1970=g, autumn herring constituted up to 45% of the total stock.
In the Gulf of Riga at present, that proportion is less than 5%. The
causes of the decline seem to be related to environmental conditions.
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Herring stock conditions depend nainly on the year class abundance, and
that in turn is determined by conditions during enbryonic devel opment
(mainly the structure and bi omass of bottom vegetation as the spawni ng
substrate, water tenperature, etc.) and the subsequent survival rate of
the larvae (probably the abundance of food, i.e., Copepod nauplii, in the
period of the transfer of herring |arvae to exogenous feeding). Fishing
intensity has also had considerable influence on stock abundance and
structure

Owing to abundant 1970, 1975, 1983 and 1986 year classes, herring
spawni ng stock bionmass was rather high in 1972-1973 and 1986- 1988,

whereas at the end of the 1960s and in the second half of the 1970s, it
was conparatively low (Figure 17b). The exploitation of the stock was
hi ghest in the 1970s and in the 1980s it gradually dimnished (Figure
17a).

G owt h changes have occurred in the Qulf of Riga herring. Wight at age
was hi ghest in 1982-1983 and | owest in 1984-1985 and 1987. G owh is
mai nly associated with changes in environmental conditions, e.g., severe
winters and scarcity of food resources cause growh retardation.

Herring in the Eastern Gotland Basin and the Northern Baltic
Proper

The stock in this area (Sub-divisions 28 and 29 South) seems to have
rather mgratory behaviour. |t undertakes spawning migrations into the
@l f of Riga, the Qulf of Finland and probably the Archipelago Sea, as
wel | as feeding migrations into the areas of neighbouring stocks.

In the 1970s and 1980s, the best year classes of herring in these
sub-divi sions hatched in 1975, 1981, 1983 and 1986, and the poorest in
1984, 1976, 1978, 1985 (Figure 18b). The spawni ng stock bi omass was
al nost constant at about 200,000 t during the observation period

The stock has been fished rather noderately. After being in excess of
0.30 in 1972 and 1973, fishing nortality has subsequently fluctuated
between 0.18 and 0.26 (Figure 18a). Because the stock has remained fairly
stable, the trend in catches closely reflects that in fishing nortality.

I mportant changes have been noted in the average weight at age of the
stock. During the period 1977-1988, the maxi mum wei ghts were observed in
1980-1981. A serious decline followed in 1983-1985. Only in 1988 did sone
increase in mean weight of younger age groups become apparent.
Investigations to relate the increasing winter concentrations of nitrate
and phosphate in the surface water layer of the Baltic Proper with fish
stocks showed no clear relationship, although in general a 5% ncrease
in total fish biomass between 1973 and 1984 was estinmated (Nehring et
al., 1989).
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Herring in the Gulf of Finland

The catches of herring in the @ulf of Finland (Sub-division 32) reached
a maxi mum val ue in 1983 and have since declined by 24% (Figure 19a).
Fishing nortality has decreased since 1979 and the present level (0.25)
is close to Fy 4 (0.22).

The spawning stock has renmained fairly stable at 80,000-130,000 t, but
since 1984 it has increased due to the recruitnent of two strong year
cl asses (1983 and 1986) and a reduction in fishing nortality (Figure
19b). No trend can be observed in recruitment, but it fluctuates widely.

SUMMARY

A nunber of factors influence the size of commercial fish stocks in the
Baltic Sea area, ranging from the influence of natural conditions to the
| evel of catch in the fishery. While information is |acking on the
i nfluence of environmental conditions on the pelagic stocks in the Baltic
Sea area, environmental influences on the denersal, i.e., bottom or near-
bottom living, species of fish and shellfish can clearly be seen in
certain areas

In the southern Kattegat, an increasing frequency of periods with oxygen
deficit in the sumer and autumm has particularly affected the stock of
Norway | obsters. This has caused a northward nmoverment of the fishery, so
that in 1988 and 1989 there was no commercial fishing for Norway |obster
in the southern Kattegat. The stress caused by the oxygen deficit in this
area is also believed to be linked to an increased preval ence of certain
viral diseases in the dab population. As |ow oxygen values are not found
in the spring during the time of the pelagic phase of the eggs and |arvae
of cod, plaice, dab, and sole, and certainly not at the depths of O 15
m where the eggs and |arvae are found, oxygen depletion has had no
effects on the survival of the eggs and | arvae of these species in this
ar ea.

Simlarly, in the Belt Sea and Arkona Sea, the |ow oxygen concentrations
near the bottomin the sunmer and autumm have restricted the comercia
trawm fishery on denersal species in the deeper parts of this area to the
peri od Decenber-April. However, as the spawning time for cod, plaice, and
flounder in this area is between February and April, when there is no
oxygen deficit, this does not affect the survival of the eggs and |arvae
of these species.

In the cod spawning areas in the Bornhol m Sea, the southern Gotland Deep
and the CGdansk Deep, there is a growing problemow ng to the gradually
decreasing salinity of the Baltic Sea and the | ow oxygen concentrations
in the bottom waters. Cod eggs require a salinity of 11 or nore to keep
afl oat and an oxygen concentration of at least 2.0 nm/Il to survive; thus,
the northern border for successful reproduction is found in the Gotland
Deep. Successful spawning seems to be positively correlated with the
inflow of saline water fromthe North Sea, which increases the salinity
in the bottom layer and inproves the oxygen conditions bel ow the
hal ocline. The increasing salinity enables the cod eggs to float higher
in the water colum, where inproved oxygen conditions result in inproved
survival of the cod eggs.
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ABSTRACT

During the last years strong efforts have been undertaken to establish
a mcrobiological nonitoring in the Baltic Sea area on a routine basis.
Regi onal surveys perfornmed along the middle line of the Baltic Sea during
| ate summer 1982, 1986 and 1988 reveal ed a renmarkable uniformty of
bacterial nunber and activity in the mxed surface layer. In the Kie
Bay between 1986 and 1989 the nunber of colony forming bacteria showed
| arge interannual fluctuations. At 2 out of 3 stations a decrease of
t hese bacteria was observed. Trends concerning eutrophication by using
m crobi ol ogi cal parameters, however, are not perceptible due to the stil
linmited nunber of data

7.1 | NTRODUCTI ON

During the last two decades the know edge on bacteria and their role in
the cycling of material in aquatic ecosystems has increased
substantially. This was muinly attained by a rapid progress in
m crobi ol ogi cal nethodol ogy. Due to the inprovenent of nethods the
deternmination of e.g. the total nunber of bacteria, their bionmass, the
rates of destruction of organic substances and production of bacteria
bi onass has now achi eved a high degree of reliability, which nobody woul d
have expected some years ago.
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The new results and especially the newly developed concept of the
"*microbial loop"” have shown that the function of bacteria, or in a
broader sense the function of heterotrophic microorganisms, has to be
re-evaluated (Hobbie et al., 1977; Azam et al., 1983). Quite a
substantial part of the carbon fixed by primary producers is released
into the water and then taken up by bacteria. The percentage of organic
matter released by the algae may vary considerably according to the
environmental and physiological conditions, but it is generally accepted
to be in the range of 10 - 50 % (Wolter, 1982; Larsson and Hagstrd&m,
1982). These substances are then returned via consumption of bacteria by
bacteriovorous animals to the main food chain. Thus, dissolved organic
material, released during the process of primary production, but also
by prey-predator interactions and by a number of metabolic activities
of "higher” organisms, is retained for the use of the higher trophic
levels of the food chain, which otherwise would not be able to benefit
from organic solutes.

Despite the growing understandi ng that m crobi ol ogi cal investigations are
urgently needed to obtain more detailed information about the cycling
of matter in ecosystems, large gaps in the knowledge about the role of
bacteria in the marine ecosystem still exist. This is due to the general
difficulties with microbiological methods and also to the relatively
small number of microbiologists working on marine ecological problems.
The latter may be the main reason why the microbiological monitoring in
the Baltic Sea®" area still suffers from the lack of adequate studies.

Routine microbiological monitoring studies in the Baltic Sea area
including the parameters total bacterial number, bacterial biomass,
number of colony forming bacteria and bacterial production were made
only during the last few years. The main areas of such investigations
were in the Kiel Bay and eastern Arkona Basin. In 1989 monitoring studies
were also iInitiated along the Polish coastline of the Baltic Proper. In
all other areas of the Baltic Sea a routine microbiological monitoring
including the above mentioned parameters is not yet undertaken. In some
regions similar studies are, however, more or less regularly performed
as a part of general microbiological investigations.

Due to the regionally different efforts concerning microbiological
monitoring, the short duration of the already existing studies and the
generally encountered high degree of temporal and spatial variability
of microbiological parameters, it is still premature to draw far reaching
conclusions based on the microbiological monitoring about the
eutrophication processes in the Baltic Sea.

On the other hand, the initial phase of the microbiological monitoring
was characterised by the successful application of a set of
microbiological methods in restricted areas in the Baltic. The results
will serve as a basis for a more intensive screening of the whole Baltic
Sea area.
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7.2 REGIONAL DISTRIBUTION OF MICROBIOLOGICAL PARAMETERS
Total bacterial numbers

Three microbiological transects along the middle line of the Baltic Sea
were made since 1982. The first (Aug/Sept 1982, Figs. 1-2) covered the
whole area between the northern Bothnian Bay and the Kiel Bay. The second
was made in Aug 1986 between the Gulf of Finland and the Skagerrak (Figs.
3-4). In July 1988 a third transect was performed roughly along the same
route as the second one. The positions of the sampling points are given
in Figures 1 and 3. Between 30 and 48 samples were taken at distances of
about 20 nm at 5 m depth. The results are shown in Figs. 2, 4, 5 and
Table 1.

Table 1. Total bacterial _number (TBN: cells x 10° ml'l), mean cell
volume (MCV: um3), bacterial biomass (BBM: pg C 1~1) and
chlorophyll-a (Chl-a: ug 1"1), averaged for different sub-
areas of the Baltic Sea. The data were obtained during 3
cruises of RV "Poseidon”™ (see Figs. 1, 3). Samples were
always taken from 5 m depth.

31 Rug - 5 Sep 1982 22-26 Aug 1986 11-13 and
23-27 July 1988
TBN MCV BBM Chl-a TBN MCV BBM Chl-a TBN Chl-a

Bothnian Bay 3.63 0.145 184 1.69

Bothnian Sea 3.29 0.114 131 1.87

Gulf of Finland 2.85 0.088 a8 2.49 4.67 1.93
Eastern Gotland 4.01 0.094 132 1.49 3.30 0.099 114 2.14 3.28 2.56
Basin

Bornholm Basin 3.66 0.091 117 2.90 3.29 0.107 123 3.24 2.58 2.18
Arkona Basin 3.62 0.114 144 2.40 3.28 0.109 125 3.66 2.93 2.69
Belt Sea 3.99 0.124 173 2.50 3.36 0.106 125 2.64 2.92 2.81
Kattegat 1.15 0.165 66 2.41 1.14 0.97
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Figure 3.

Location of 47 stations sampled in the niddle line of the
Baltic, 22 August - 26 August 1986. In July 1988 sanples
were taken along the same transect, the position of the
stations, however, may vary slightly.
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In spite of the substantially differing hydrographical situation within
the different areas of the Baltic Sea, the total nunbers of bacteria
(TBN) show a remarkabl e regional uniformty (with the exception of the
Kattegat and Skagerrak). This holds'true at |least for the same cruise,
whereas the results between the tree cruises differ somewhat nore.
Especially in 1982 the |ow degree of variability was remarkable since
TBN val ues were all (with one exception in the southern part of the
Bot hni an Sea) between 3 and a little bit nmore than 4 mllion cells per
m. In 1986 and 1988 the regional variability was a little bit higher
especially in the Kattegat and Skagerrak the total bacterial nunber
decreased considerably to 1 million cells per m or less. The latter was
al so observed by Schmal johann (1984). Considering the results of the
different regions between 1982 and 1988 a slight decrease in total
bacterial nunbers can be noted. Only in the Gulf of Finland in 1988
considerably nore bacteria were found. The reason therefore probably is
to be seen in the very heavy bloons of cyanophytes in 1988

Simlar studies along the sane transects were not undertaken during the
other years. Isolated investigations, however, at a position on or near
the transect were perforned in 1983 and 1984. The determ nation of
seasonal variability of TBN at the stations BCS Il 10 (=BWMP k1, southern
part of the Eastern Gotland Basin) and BY 5 (=BMp K2, Bornhol m Basin) may
al so serve for conparison. The results do not fit in the above stated
picture of the snmall decline in bacterial nunbers between 1982 and 1988.
Gast and Gocke (1988) found total bacterial nunbers above the thermocline
in the Gotland Deep of 5.2 X 10°m+"1 in 1983 and 5.3 - 6.4 x 1t cel'l's
mt~1 tn 1984 (Figs. 6 and 7). At stations K1 and K2 the TBN in surface
waters were both 4.8 x 10% cells nt~?! (data were submitted by Polish
m crobi ol ogi sts).

The variations observed between 1982 and 1989 were probably due to the
different intensities of cyanophyte bloomsand their inpact on the
bacterial populations (Hoppe, 1981). This can be easily deduced from
Fig. 7, which shows that within 6 days the nunber of bacteria increased
from5 - 6 x 10® m1™! to nore than 10 x 10% cells m ~*. This increase was
paralleled by a strong increase in density of cyanophytes. 10 x 10® tota

bacterial nunber is the highest so far reported for the Central Baltic
Pr oper.

The total number of bacteria in the Baltic Sea area was al so anal yzed
several tines by different researchers fromthe Soviet Union. Pursuing
different aims, the authors used different analytical methods, and
therefore the results obtained are of different character. However,
comon tendencies are traced clearly enough when seasonal variations of
the total nunmber of bacterial cells are expressed (Tsyban et al. 5 1985;
Andrushaitis et al. 1987). Maxi num nunber of cells (up to 3.8 x 10° cells
ml'l) was noted during sunmer. Yurkovskaya (1987) noted that in highly
productive areas of the Baltic Proper the total number of bacteria
reaches 1 - 4 x 10% cells nft.
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The high bacterial numbers during late summer seem to be typical for the
Baltic Proper, whereas the numbers before and at the onset of the spring
phytoplankton bloom are very low. A mean value of 0.4 x 10 ® bacteria
mi~Y was found in April 1975 in the Bornholm Basin (Gocke and Hoppe,
1982), which is only about one tenth of that during summer. Tsyban et al.
(1985) and Andrushaitis (1987) found winter values between 0.05 and 1.2
x 10~ cells mi~L Nielsen and Richardson (1989) also observed much higher
bacterial numbers during May/June than during February/March in the North
Sea. During the spring phytoplankton bloom the microbial loop apparently
plays a minor role, whereas during the later seasons its importance grows
substantially especially when the phytoplankton is dominated by small
algae.

It should be mentioned, however, that the total bacterial numbers found
in Kiel Bay during summer 1974 were much lower than those observed in
the same region in the transect studies mentioned before (Zimmermann,
1977). The same author found a decrease of TBN in winter to about one
half of the summer values. Table 2 shows that the relative differences
between the early spring and late summer values of total bacterial
numbers also were quite small at the stations studied by the Polish
microbiologists. The reason for such results may be seen iIn the extra-
ordinary warm spring 1989 which probably caused a very early spring
phytoplankton bloom. The situation in the Kiel Bay encountered in 1974,
but also in 1988 and 1989, is probably influenced by the vicinity of the
surrounding landmasses, which dampens the seasonal oscillations of
bacterial number.

Table 2. Seasconal variation of total bacterial number (TBN: cells
X UI? ml'l) and ‘bacterial biomass (BBM: pug C'Tl) at the
stations P1 = BMP L1 (Bay of Gdansk), BCS 111 10 = BMP K1

(southern part of the Eastern Gotland Basin) and BY 5 = BMP
K2 (Bornholm Basin). Values are averaged for the upper 10
m (individual samples were taken from 1 m, 5 m and 10 m
water depth).

Bay of Gdaiisk Eastern Gotland Bornholm Basin

BMP L1 Basin BMP K1 BMP K2
Date 1989 TBN BBM TBN BBM TBN BBM
March 4.85 173 3.90 92 3.34 77
May 3.28 80 4.52 119 4.93 102
June 5.05 125 4.03 94 5.07 115
August 3.94 62 4.81 87 4.81 58
September 6.11 149 5.66 150 7.10 169

November 2.56 73 1.94 62 3.52 93
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Bacterial bionass

Concerning the size of the bacteria, Table 1 shows the differences
between the different regions of the Baltic Sea. The highest nean cel
vol ume (MCV) of the bacteria reaching 0.145 pm3 was found in the Bothnian
Bay, the smallest in the Eastern Gotland and Bornhol m Basin (1982), from
where it increased sonewhat towards the Belt Sea. In 1986 the snallest
MCV was observed in the Gulf of Finland and the Eastern Gotland Sea, it
then increased towards the west to a small degree. Only in the Kattegat
relatively large cells with a cell size of 0.168 pm3 were found

Yur kovskaya (1987) noted the seasonal variations of the volunes of
bacterial cells: in winter small bacteria (0.20 - 0.24 um3)in the water
colum were found, whereas in sumrer the volume of bacterial cells in
t he euphotic zone increases, on average, 2.5 tines. These cell vol unes
are significantly higher than those observed by other investigators,
which is probably due to different methods.

The late summer val ues of bacterjal biomass |lay between 184 ug C
(Bot hni an Bay, 1982) and 66 ug C 1~1 (Kattegat, 1986, see Table 1). The
val ues found at the stations in the Bay of Gdansk (1 = BMP L1), in the
Eastern Gotland Basin (BCS Il 10 = BWP K1) and in the Bornhol m Basin (BY
5 = BW K2) (Table 2) for the sane season are sonewhat |ower, which may
be due to the different nethod used to neasure the bacterial cell size.

M crobi al bionass varied seasonally between 7 - 166 ug € 171 in regi ons
studied by Tsyban et al. (1985) and Andrushaitis et al. (1987).

Col ony formng bacteria

The number of colony forming bacteria (saprophytes) was remarkably high
(up'to‘rd col oni es ni'l) onty in the Bothnjan Bay. In the other subareas
values were only around 1 - 2 x~10 mi. A | arge scattering in the
nunber of these bacteria was found. In the Belt Sea a certain increase
was noticed (Figs. 2, 4, 5). The highest values were found in late
sumrer .

According to Tsyban et al. (1985 1987) the nunber of heterotrophic
saprophytic bacteria determned by plating on nutrient nedia anmounted
to hundreds of cells per m in the Northern Baltic Proper. An increase
in the nunber to several thousand cells per m was observed in the
direction fromnorth to south.

The vertical distribution of saprophytic bacteria in deeper water |ayers
has, as a rule 2 - 3 maxinma: near the surface, in the region of maximm
phot osynthesis and in the |ayer of detritus accumulation at a depth of
60 - 80 m that is at the |lower border of the aerobic zone. The
hyponeuston |ayer with the maxi num of heterotrophic saprophytic bacteria
is located in the surface film Here the concentration of bacteria is an
order of magnitude higher than in the euphotic zone

As a whole, the distribution of heterotrophic saprophytic bacteria, which
assimlate easily oxidizable organic substances, is uneven, especially
in the southern part of the Baltic Proper, which corresponds to the
conpl ex structure of the water masses.
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Table 3. Bacterial production, maximum uptake velocity of glucose
(Vpax! and total bacterial number in the mixed surface
layer at different stations in the Baltic Sea area. Data
supplied by Finland.

Bacterial Maximum Total
production uptake bacterial
velocity of number
3 glucose 1 -1 6 1
Station Date 1988 (mg C m3a"Yy (ug c 17071y (x 10® m7Y
Kattegat July 1.83 0.011 0.49
56°40.06'N,
12°07.00'E
Kiel Bay July 13.90 0.180 3.64
54°36.00'N,
10°27.02'E
Arkona Basin July 19.04 . 0.125 3.42
55°00.00'N,
14°05.02"'E
Bornholm Basin July 12.85 0.150 4.03
55°15.02'N,
15°59.00'E
Eastern Gotland July 14_41 0.09¢9 4.83
Basin
57°20.00'N,
19°51.42'E
Entrance Gulf
of Finland July 30.36 0.111 7.70
59°35.00'N,
23°18.00'E

Bacterial production

Measurements of the bacterial production performed more or less
simultaneously in several subareas of the Baltic Sea have been made only
once up to now. Results are shown in Table 3. The range between the
lowest value of 1.83 mg C m~3 a1 which was found in the Kattegat, and
the highest one of 30.36 mg C m~ a~! observed at the entrance of the
Gulf of Finland, 1is quite high (Heindnen, unpubl.). Bacterial production
and total bacterial number were more or less parallel. The high values
at the entrance of the Gulf of Finland were obtained during a very
intensive bloom of cyanophytes.
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Obtained with different nmethods, the daily bacterial production
determ ned by microbiologists_of the Soviet Union varied within a w de
range from 20 to 150 mg C m—3 d_l; the P/IB ratio (the ratio of daily
production to biomass) varied from5 to 40 % and the respiratory activity
was 20 pg 02 ‘day’.

In the Southern Baltic Proper, the daily production of bacterioneuston
and bacterioplankton anounted to 44 ng and 46 ng C m-3 day' .
respectively. The calculated nmean values of destruction of organic
nmaterial by bacteria in the Northern, Central and Southern Baltic Proper
were 46.7, 36.1 and 36.3 ng C m'3 day'l, respectively. 1In calculations
the value of oxygen uptake by one cell at 20°C was used. Assum ng the
nean val ue of bacterial destruction in the sea to be approximtely equal
to 39.7 mg C m3 day'l, it s believed, that the 6total amount of
bacterial destruction in summer ampunts to 0. 87 x 10 tons of carbon
per day (1.74 x 108 tons of dry weight).

The ratio between the values of production and destruction (the P/D
coefficient) varies for the Baltic Sea from 30 to 42 % per day, which
confirms the fact of an excess of destruction processes over the
processes of bacterial production (Tsyban and Korsak, 1987).

Al t hough not directly conparable with the bacterial production, the
maxi mum uptake velocity (Vm and the turnover rates (T.) of glucose can
be taken as a relative indicator for bacterial activity. Table 3 as well
as Figures 2, 4 and 5 show high v . in the presence of high bacteri al
nunbers. The relation between the two variables, however, is not as
straight as between bacterial production and total bacterial nunber.

7.3 VERTI CAL DI STRI BUTI ON oF M CROBI OLOG CAL PARAMETERS

The m crobiol ogi cal paraneters show high values in the mxed surface
| ayer followed by a sharp decline below the thernocline (Rheinheinmer et
al. 1989). Near the sediment an increase may be observed in sone regions,
whi ch depends on the hydrographical situation. Near bottom water
novenents, which may cause a resuspension of sediments, are probably the
main reason for this increase in bacterial nunber and activity. The
vertical distribution is denonstrated for the central part of the Eastern
Gotland Basin in Figures 6 - 9. The other regions show a simlar
di stribution, at |east, when the surface |layer and the deeper water
masses are consi dered.

An exception to the rule of high bacterial nunbers and activities in the
surface | ayer and much | ower ones in the deeper water was observed in
the Kattegat in July 1988. Here the situation was just the other way.
The high values of the mcrobiol ogical paraneters bel ow the hal ocline
were nost probably due to the massive bloom of Chrysochromulina
polylepis, which occurred during Muy/June and l|later settled to the deeper
water |ayers.

A special situation concerning the vertical distribution of bacteria was
observed in regions with anoxic water layers. This situation was studied
in 1983, 1984, 1986 and 1988 in the Gotland Deep (Figs. 6 - 9). Here the
total bacterial nunber as well as the bacterial activity show a well
defined peak around the oxic/anoxic interface with significantly higher



317

values than in the oxic winter water above and in the anoxic water bel ow
the halocline. Data suggest (Gocke, unpubl.) that a well defined
bi ocenosis of different bacterial populations and heterotrophic
flagel | ates exists around this interface. H2s - oxidizing bacteria are
an inportant conponent of this biocenosis.

Gast and Gocke (1989) report a change in the size-class spectrumof the
bacteria, which shifted to |arger cells towards the bottom (Fig. 6). The
nmean cell volunme which averaged 0.1 pm” in the oxic water of the Gotland
Deep, doubled in the oxic/anoxic interface and tripled in the anoxic
water. Obviously the bacterial population changed in favour of species
more adapted to anoxic conditions. The slowi ng down of the velocity of
net abolic processes due tothe |owering of tenperature and the scarcity
of substrate may also have a certain effect (Seppdnen and Voipio, 1971
Meyer-Reil, 1983).
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Figure 8. Vertical distribution of tenperature, salinity, oxygen,
hydrogen sul phide, nitrate, nitrite, ammonium chloropyll-
a, colony formng bacteria (CFU), total bacterial nunber
(TBN), turnover rate of glucose (Tr) and nexi num uptake
velocity (vp). Sanples were taken from15 to 17 Aug 1986
in the Eastern Gotland Basin. For |ocation see cross
“Gotland Deep" in Fig. 1.
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Figure 9. Vertical distribution of tenperature, salinity, oxygen,
hydrogen sul phide, nitrate, anmonium chloropyll-a, colony
form ng bacteria (CFU), total bacterial number (TBN),
turnover rate of glucose (T.) and maxi mum uptake velocity
(V) - Sanples were taken from 19 to 20 July 1988 in the
Eastern Gotland Basin (57°20'N, 19°51.4'E).

7.4 ROUTINE INVESTIGATIONS IN THE KIEL BAY

Since October 1985 sanples are taken routinely every nmonth at three
monitoring stations in the Kiel Bay. The stations are: Boknis-Eck, Kieler
Bucht (= BMP N3), and Fehmarn Belt (= BMP N1i). Sanpling depths are: 2m,
10m and 20m, 15 mat station BMP N3. Beside other paraneters, total
bacterial nunber, bacterial bionmass, the nunmber of colony formng
bacteria, and bacterial production were neasured.

Colony forming bacteria

Colony formng bacteria (CFU, saprophytes) are believed to be a good
i ndi cator-group for influences of surrounding |andmasses. They respond
with increased growth to direct organic pollution and to the kind of
i norgani ¢ pollution which supports and increases algal growh.
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Figure 10 shows the nunber of the saprophytic bacteria from 1986 to the
end of 1989 in the nixed surface layer at 2 m depth at station
Bokni s- Eck. Determination was perforned by using the "Plate Count Method"
with zB nutrient agar with a salinity of 8 °/oo. Even though the sanpling
frequency in 1987 was |lower than in the other years, it shows that the
average saprophytic nunbers decreased steadily. The maxi mum val ue of
4 x 10° Colony Forming Bacteria per m in Cctober 1986 was never reached
again. The data from 1987 to 1989 display two distinct maxi ma around
May-June and Septenber - Cct ober. This indicates the end of the
phyt opl ankt on bl oom at | ate spring and autum.

Fi gure 10. Tenporal distribution of saprophytic bacteria (colony
formng units 7/ mM) at 2 mdepth at station Boknis-Eck
(western part of Kiel Bay), 1986-1989

Figure 11 gives the nunmber of the saprophytes at the station Kieler Bucht
(=BWMP N3). The general tendency is not as clear as shown for Boknis-Eck

The maxi mum CFU is less than half the value at Boknis-Eck. The formation
of two distinct maxinma is not quite evident (except in 1988). The reason
m ght be the position of this station. It is situated in the centre of
Kiel Bay at a nuch greater distance from|land than Boknis-Eck, and the
water depth is lower (17m), so that resuspension of sedinents may occur
which may result in irregular changes in saprophytic counts. At station
Fehmarn-Belt (=BMp N1) the situation seems simlar to Boknis-Eck (Fig

12).
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Figure 12. Tenmporal distribution of saprophytic
forming units / mM) at 2 mdepth at station Fehmarn Belt
(=BWP N1), 1986-1989.
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Bacterial Biomass

The highest level of bacterial biomass amounting to 170 ug C 171 was
found during June - July 1988 in the surface layer at station Boknis-
Eck (Fig. 13). In 1989 this maximum was observed during the same months.
In 1988 a significant difference in biomass between the sampling depths
occurred, which was not the case in 1989. One reason might be the more
turbulent atmospheric conditions (summer gales) in this year. The minimum
of bacterial biomass was found in January 1989. Nevertheless, Figure 13
shows a much higher biomass in the previous January in all depths.

Figures 14 and 15 show comparable data for the other station6 in Kiel
Bay. The maxima and minima are at the same time of the year. The biomass
in all three sampling depths seems nearly equal. The reason is very
probably the same as above mentioned for the saprophytes.

ug C 1~
250 g
200 1 1988 1989
150
100
0 T |
J F ONDJFMAMJJIASOND
Month
-~-OBSD =2m + OBSD =10m  -%- OBSD = 20m
Figure 13. Seasonal variation of bacterial biomass at station Boknis-

Eck (western part of Kiel Bay, 1988-1989. OBSD = observed
depth.
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Figure 14. Seasonal variation of bacterial biomss at station Kieler
Bucht (= BWP N3), 1988-1989. OBSD = observed depth
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Seasonal variation of bacterial bionmass at station Fehmarn

Figure 15.
Belt (= BWMP N1), 1988-1989. OBSD = observed depth
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Bacterial Production

The bacterial production was determined by incorporation of 3H thymidine
according to the method of Fuhrman & Azam (1982). This method was
introduced to monitoring in May 1988 and after a one year period of
testing and adapting the method for routine purposes it is now used on
every routine monitoring cruise.

Figure 16 shows the bacterial production in the year 1989 in the mixed
surface layer. The lowest production rates can be observed during winter
while the highest production occurred in July. The highest value during
July was observed at station Boknis-Eck while in December 1989 all three
stations showed similar low production rates. A fixed relation between
the production rates of the three stations was not recognized.

mgC+*m 3, p 1
0.4 -(
1 \
0.3 \ § -
- \ I
\ \n
0.2 § \ \
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Ml BOKNIS-ECK KNIII(EDIr_":)IZ:g"I' (Sbtlzt)ions FEHMARN-BELT (N1)
Figure 16. Seasonal distribution of bacterial production (determined

by incorporation of 3H thymidine) at 3 Kiel Bay monitoring
stations in 1989 (surface layer).

This data are in .agreement with the measurements of bacterial standing
stock (TBN and bacterial biomass), which exhibit maxima and minima at
nearly the same time of the year as shown above. Measuring bacterial
production via thymidine incorporation has turned out to be a good
additional method to get more detailed information about the dynamics
of bacterial activity in marine ecosystems.
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7.5 TAXONOMIC CHARACTERISTICS OF THE BACTERIA IN THE BALTIC SEA

The variety of bacterial fornms is mainly presented by the follow ng
genera: Micrococcus, Flavobacterium, Microbacterium, Agrobacterium,
Citrobacter, Pseudomonas, Mycobacterium, Aerococcus, and Bacillus.
Micrococcus and Pseudomonas were the npbst abundant and nost frequently
observed. In winter the species conposition did not practically differ
fromthe forns isolated in summer (Tsyban et al., 1985).

In further investigation (Pfeifere and Platspira, 1986) 50 microbial
cultures isolated fromthe Baltic Sea area were analyzed; 63% proved to
be able to transform benzo(a)pyrene (BP); they belonged to the genera
Pseudomonas, Mycobacterium, Bacillus, Arthrobacter, Flavobacterium and
Micrococcus.

In coastal waters of the Baltic Sea area BP-oxidizing forns accounted for
0.01 - 22 % of saprophyte counts (Pfeifere, 1987). The variety of the
genera of bacteria isolated fromlittoral areas confirmed the data

obtai ned earlier

Pseudomonas putida, Pseudomonas. sp., Bacillus pumilus, B. cirailans,

Flavobacterium sp. and Micrococcus sp. prevail in the active silt (Sharm
et al., 1987).
7.6 INDICATORY GROUPS OF MICRO-ORGANISMS

One of the npst inportant biological responses to marine pollution
consists in the appearance of the so-called indicatory forns of aquatic
organisnms. Mcro-organisns are the nost responsive conponents of marine
bi ocenoses. Their biochemical activity is the basis for the indication
of pollutants in the sea (Tsyban, 1978; Tsyban et al., 1985).

Het erotrophic  saprophytes, par af fi n- oxi di zi ng, PCB- oxi di zi ng and
BP-oxidizing forns are conventional indicators of hydrocarbon pollution
in the sea, they are adapted forns. The maxima of chenmical pollution
coincide with the nmaxi num val ues of the nost probable nunber (MPN) of
rel evant groups of mcro-organisns (Tsyban et al., 1987).

A study of the distribution of mcro-organisnms oxidizing polychlorinated
bi phenyl s and polycyclic aromatic hydrocarbons was started in 1978
(Tsyban et al., 1985). Since then numerous studies have corroborated the
correlation between the presence of hydrocarbon pollutants in the narine
envi ronnent and hydrocarbon-oxidi zing and hydrocarbon-tol erant micro-
organisnms (Fig. 17).

Chronic pollution of the narine environment by petrol eum hydrocarbons
resulted in the fact that marine microflora adapted itself to the
mat ching pollutant and acquired an ability to destruct these chenica

conpounds. It was known earlier (Tsyban et al., 1981) that 50 - 80 % of
cultures of heterotrophic saprophytic bacteria isolated from the Baltic
Sea water devel oped actively in the presence of petrol eum hydrocarbons
which is indicative of their adaptation.
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Figure 17. Vertical distribution of the mpbst probably number (MPN
cells/m) of PCB transforming mcro-organisns (a), and PCB
concentration in 0.5 mdepth (ng/l) (b) in the Baltic
Proper in June 1987 (submitted by the Soviet Union)

At the same tinme saprophytes were investigated, whose metabolismresulted
in appearance of internediate decay products which are often nore toxic
than the initial substrates. The bionass of mcroorgani sns assimlating
these substances is toxic for many aquatic organi sms, especially at early
stages of their development. It is therefore possible to consider the
appearance of abundant indicatory microflora as the secondary marine
pol | ution.

7.7 ENVIRONMENTAL CAPACI TY oF TRE BALTI C SEA

The concept of environnental capacity founded theoretically and confirnmed
by actual materials is described in the work by Izrael and Tsyban (1985).

M cro-organi sms are the only conponent of the ecosystemable to elimnate
toxi cants under conditions of |low tenperatures prevailing in the water
colum of seas in mddle latitudes. A decrease in the tenperature in
Wi nter, however, results in reducing the destruction ability by nore than
one order of magnitude. Therefore the input of organic pollutants and
particularly petrol eum hydrocarbons is dangerous at |ower tenperatures
since an accunul ati on of xenobiotics in the biota and sedi nents may

result.
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Calculation5 of the oxidation rates of hexadecane showed that at
relatively low tenperature, up to 97.5 pg 1 - of hexadecane could be
oxi di zed by microbial populations per day. It was determined in 1987
that, on average, 15.6 ug ‘1'1, 273" ug 1 ~land 36.6 Hg t=1 of ‘hexadecane
were oxidized per day in the Northern, Central and Southern Baltic
Proper, respectively . Deconposition rates of hexadecane increase in the
direction from north to south-west. As a whole, 24.7 pug 171 of
hexadecane, on average, could be oxidized per day in the pelagic
compartment of the Baltic Sea.

It is known that in the presence of oil in water, paraffin and olefin
hydrocarbons are subjected to microbial degradation within 1 - 2 days.
Aromati c hydrocarbons have nore stable molecules (Tsyban et al., 1980).

It has been shown by in situ nmodel experinments and consequent chenmi cal
anal yses that marine mcro-organisns in the Baltic Sea area could
destruct 5.5 ug 171 of the aromatic hydr ocar bon benzo(a)pyrene within 1-
2 days, which accounted for 15 % of its initial concentration. Thus, in
the Ol mlayer 1.5 % of benzo(a)pyrene is destructed per day (Izrael and
Tsyban, 1985).

Taking into consideration the results of mpbdel experiments carried out
in 1987 as well as the influx and residence time of the toxicants in the
wat er body, the value of the environnental capacity of the Baltic Sea
ecosystemwi th respect to pcBs and BP were cal cul ated. The environmental
capacity with r@glpect to pcBs anmpunted to 0.0015 - 0.0026 ung 1"']'yr"1 and
32 - 44 t yr- in relation to the entire Baltic Sea area. The
environmental capacity Wi th respect to BP proved to be equal to 0.001 -
0.004 pg"f yr'1 -and 30 - 84 t yr'1 for the entire Baltic Sea area,
respectively.

Conparing the obtained data of the environmental capacity with the
current input of pcBs and BP into the Baltic Sea, it is possible to
conclude that fromthe ecol ogi cal point of view the discharge of the
conpounds under study does not exceed the permssible values. This
conclusion, however, is only justified if the input of anthropogenic
pollutants to the Baltic Sea ecosystem would be uniform |f the input
of pollutants is uneven, the nost hazardous for the ecosystem woul d be
the sources that can produce a 1local loading in the adjacent area
anounting to nore than 0.0015 ug 11 yr “1 tor pol ychl ori nat ed bi phenyls
and above 0.001 pg"ll yr “1 for benzo(a)pyrene. These values are 5 and
3 times nore than the current average inputs of these pollutants to the
Baltic Sea.

SUMMARY

When the First Periodic Assessment of the State of the Marine Environment
of the Baltic Sea was witten, no routine mcrobiological nonitoring
progranmes yet existed. Today even if the database is still quite
limted, the situation has beconme much better, since at least in sone
areas of the Baltic Sea routine nmonitoring is now undertaken.

Regi onal surveys during the late sumrer in 1982, 1986, and 1988 covering
large areas of the Baltic Sea denmonstrated a remarkable uniformty of
bacterial nunber and activity in the mxed surface layer. Only in the
Kattegat and Skagerrak these paranmeters showed significant |ower values.
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The differences between the years, in which the studies were undertaken
were relatively small. Between 1986 and 1989 the microbiological
monitoring in the Kiel Bay showed large interannual variations in the
number of colony forming bacteria. At two stations (Boknie-Eck and
Fehmarn-Belt, N1) a steady decrease of these bacteria could be observed,
which, however, was not noted at station Kieler Bucht (N3). But to show
atrend concerning the eutrophication by using microbiological parameters
is not yet possible due to the limited number of data.

Concerning indicatory groups of bacteria, a clear relation between the
character of marine pollution and physiological properties of the
microbial populations could be demonstrated. Due to the pollution of some
areas by petroleum and chlorinated hydrocarbons, bacterial populations
adapted themselves to low concentrations of toxicants and acquired the
ability to decompose such compounds as PCBs and PAHs. An increase in the
number of indicatory micro-organisms and their activity in the pelagial
of the Baltic Sea 1is indicative of the growing influence of the
anthropogenic factor. It does, however, not necessarily indicate the
increase in eutrophication of the pelagic ecosystem.

Microbiological studies play still a somewhat minor role 1iIn the
biological monitoring of the Baltic Sea. Since microbial activity in a
general sense is an integrated part of dynamics of organic and inorganic
matter pools in the sea, and budgeting these processes is not possible
without the knowledge of bacterial production and destruction patterns,
it is suggested to maintain the microbiological monitoring on a broader
basis in subsequent periods of monitoring the marine environment of the
Baltic Sea. This means that the Contracting Parties should increase their
efforts to cover the whole Baltic Sea area with microbiological
monitoring studies as frequently as possible.
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ABSTRACT

The follow ng report contains an up-dated know edge on the different
types of suspended particulate matter in relation to their origin, fate
chenmical and physical properties.

Trace elenent data in fish and shellfish, gained from a Baseline Study,

from different investigations and from national nonitoring progranmres
provi de sone insight into geographical differences in the levels of the
contaninants invol ved

Based on time series, tenporal trends of some elements over a period of
8 to 10 years are presented.

8.1 | NTRODUCTI ON

Reliable neasurenents are a pre-requisite for determning trace elenents
in various conpartments of the marine environment and for understanding
the processes which control their transport, distribution and ultinate
di sposal

Earlier results cited in the literature nust be regarded with great
caution since they very often reflect the unawareness of problens in
mari ne trace el ement chemistry which involve contanination during
sampling and anal ysis and other accuracy deficiencies. The tendency to
find unrealistically high trace element |evels was a conmon feature for
the majority of data generated in the 1970s and partly in the 1980s.

During recent years, inprovement in the understanding of the trace
el enent behaviour in the marine environnent has been achieved. This has
been made possible because sone of the problens associated with
systematic errors during sanpling and anal ysis have been overcone.
However, interconparison exercises on trace netal neasurenents in
seawat er and bi ol ogi cal naterial conducted under the auspices of the
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International Council for the Exploration of the Sea (Bewers et al.,
1985, Berman et al., 1988a and 1988b) have stressed the further need for
laboratories involved in environmental surveys and monitoring programmes
to pay much more attention to analytical control measures.

The transport of trace elements through ocean systems depends on a
variety of interacting physical, geochemical and biological processes.
At present, knowledge is not extensive enough for the identification and
exact quantification of the pathways of trace elements in the marine
environment. However, some general hypotheses as to the major
compartments and fluxes important for trace element transformation and
transport may be Tformulated.

When referring to the occurrence of trace elements in marine waters, it
is essential to distinguish between "dissolved” and "particulate"
concentrations.

Trace elements must be in abiologically available form to have an impact
on different aquatic organisms. The biologically available form of
elements is, iIn many instances, the dissolved form. However, elements
associated with particulate matter, both suspended in the water phase.or
deposited in sediments, are also available to Filter feeders and some
other benthic organisms.

The distribution of trace elements both 1in the "dissolved" and
"particulate” form in the marine environment is controlled by their
chemical properties, by biological activity and physical mixing and
circulation of water masses.

Removal of trace-elements from sea water occurs by one or both of two
processes: biological uptake and sedimentation of biogenic material,
and/or co-precipitation or adsorption of elements on sinking particulate
matter.

Sediment traps have proved to be useful instruments to record the
vertical fluxes of settling particles. |In particular, the use of
radionuclides from the Chernobyl fallout has proved to be an effective
method to study processes of adsorption of trace elements onto suspended
matter and its flocculation and downward transport from surface water
to sediments. Marine plankton blooms play obviously -a dominant role in
these processes. Blooming plankton excretes large amount5 of organic
substances, which bind terrigenous suspended matter, including adsorbed
trace elements, into macroflocs. The flocs represent a main medium for
gravitational settling. Measurements of the flux of Chernobyl
radionuclides revealed that these flocs have sinking rates larger than
10 m per day (Rempe et al. , 1987).

At the end of the phytoplankton bloom, the feeding activities of, and
excretion from, zooplankton induce the aggregation of finer suspended
matter to larger particles, so called fecal pellets, which have also high
sinking rates thereby transferring trace elements from the mixed layer
of the sea to the bottom waters.

At the sea floor, the freshly deposited material is harvested by benthic
organisms and/or incorporated into the sediment.
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From the nmass bal ance point of view, the depositional flux of trace
elements is partly conpensated by rempbilization of adsorbed el enents by
di agenetic processes. Furthernore, strong currents or storms nay pronote
an intensive interaction of the water phase with surficial sedinents
leading to a renewed re-suspension of fine-grained nmaterial and returning
it to the water colum for further transport and exchange processes.

Principally, an assessment of trace elenents in the Baltic Sea should
be based on a critical evaluation of existing data regarding the
conpartnments water, sedinents, suspended particulate matter, and biota.

Kreming had given a conprehensive overview on dissolved trace elenents
in waters in the background docurment of the First Periodic Assessnent
of the State of the Marine Environment of the Baltic Sea (Krenling,
1987). In order to avoid a repetition of facts which were already well
docunented, it was decided that at present a special section on trace
elements in waters of the Baltic Sea was not necessary.

A sub-group on Baltic Sedinents was set up under the |ICES Wrking Goup
on the Baltic Marine Environment with the intention to prepare a critical
review of contaninant and geochenical data from sedinent studies carried
out in the Baltic Sea. Considering these activities and bearing in nind
that relevant and sufficient sediment data woul d be soon available, it
was decided to disregard sedinments in the context of the "Trace El enents"
chapter.

New i nformation have been collected since the above-nentioned first
periodic assessment with respect to trace elenents in suspended
particulate matter and biota. Therefore, 1in the following treatise
enmphasis was placed on these two conpartnents.

8.2 PARTICULATE TRACE METALS (PTM)
. Briv grrann2

The distribution of trace netals (TM in the water colum of the Baltic
Sea is influenced very much by their interaction wth suspended
particles. In general, marine particles contain high TM contents (see
Table 1). The production, sinking and deconposition of abiotic and biotic
particles are now known to be inportant for controlling the T™M
distribution within the ocean (Bruland, 1983; Buat-Mmnard, 1986; Fow er
and Knauer, 1986).

Probably, the major sources of particles found in the Baltic Sea are in
order of significance (SCOR, 1988):

a) Continental nmaterial, nostly silicates, transported via rivers
and the atnosphere.

Fromthe riverine supply of particulates which is in order of 7 500 000
t/y (Baltic Marine Environment Protection Conm ssion, 1986) only some per
cent are delivered to the open Baltic Sea. The atmospheric particul ate
load is generated through wind erosion of |and and through vol canic
eruptions, and is renmoved to the sea by precipitation-scavenging and by
dry deposition.



i

334

Table 1. Trace metal content of suspended particles, zooplankton
fecal pellets and molts, and marine snow (ug/g dry weight)
(Savenko, 1988; SCOR, 1988).
Element Suspended Fecal pellets Molts Marine snow Plankton
particles (fresh) (sediment (fresh) (collected (mixed)
traps) in-situ)
Al 3000 28490 20800-74900 36420 100
SC 0.5 2.8 4-15 0.03 0.2
v 22 59-114 4
Cr 125 38 5.3 10
Mn 140 243 768-2110 12 148 10
Fe 8800 24000 21600-43600 232 12800 800
co 5 3.5 10-15 0.8 1.5
Ni 70 20 6.7 25 10
cu 145 226 308-650 35 10 40
Zn 640 950 < 20 146 40 300
Se 8 6.6 1.9 - 4
Ag 4 2.1 2.9 - 0.4
Sb 5 40 <5 0.8 - 0.1
Au 0.4 <0.1-0.16 -
Hg 5 0.34 0.17 - 0.2
Pb 180 34 22 9 20
Th 0.4 4 - 0.1
La 1.2 30 24-49 - - 0.8
Ba 400 200 192-526 - - 100
Cd 6 9.6 2.1 3.4 3
b) In-situ production of particles by

primary (autotrophic) particle production,

secondary (heterotrophic) particle production (growth of
bacteria, micro- and macro-zooplankton, nekton, particles in
the range of 0.1 to 1 000 000 um),

other biogenic particles including

fecal matter, particularly tightly packed pellets ("fecal
pellets™) which can be extremely important as transporters of
mass and energy,

"marine snow" (amorphous aggregates (Alldredge and Silver,
1988)),

plankton hard parts and carcasses (bio-detritus, primarily from
silica and calcium carbonates, from radiolarians, coccoliths,
foraminifers, diatoms, crustacean molts, pteropod shells),
production of non-biogenic particles (inorganic precipitates/
Colloids, e.g., Tormation of Fe/Mn-oxides/hydrous oxides, of
barite, pyrites, etc.),

benthic "fluffs'” or flocs (un-consolidated, very fluid and
structure-less material at the sediment-water interface).
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c) Ant hr opogeni ¢ sources of particles, transported to the Baltic
Sea both by rivers and through the atnosphere.

d) Human activities causing re-suspension (e.g., by dredging
mning, trawing, boating, mooring grounds, fish farnming...).

e) Cosmogenic sources of extraterrestrial nmaterial

Despite this wide variety of sources for particulates, for an assessnent
of the contamnation of the Baltic Sea with trace netals, the PTM | eve

may be used as valuable tool due to the close interaction of natural and
ant hropogeni cal |y generated particles with the general TMload in the
surroundi ng water, atnosphere and in surface sedinents. This interaction
of dissolved TMwith particulates is reflected by processes such as
adsorption, co-precipitation, bio-accunulation, re-suspension, exertion,
etc.

The published information available regarding the concentrations of
particulates and of the PTMin waters of the Baltic Sea had been already
reviewed in the "First Periodic Assessnent" (Baltic Marine Environnent
Protection Conm ssion, 1988; Chapter 3.1.2, pp. 97-105). In the neantine

only a few additional published PTM data becane available. They shall be
consi dered here

In Septenber 1981, about 30 sanples of particulate natter were sanpl ed
fromthe Bay of Gdaiisk on 0.4 um pol ycarbonate Nucl epore filters
(Brzezi nska- Paudyn et al., 1985) These sanples were anal yzed on 19
el ements by | CP-CES after HNO,, HC10, deconposition in a teflon bonb.
The main results are given in Table 2.

The filtration efficiency and conposition of the collected material was
studied using different pore-sizes (nuclepore filters with pore-sizes of
0,2, 0.4, 0.6 and 1.0 pm) and filter types (Nuclepore 0.4 um, MIIipore
0.45 pm, Whatman gl ass fibre 0.45 um). The mass-fraction remaining on 1.0
um Size filters represented only 27% of the matter collected on 0.2 um
filters and about 40% of naterial yielded with 0.4 um filters. The ratio
bet ween the conposition of material collected with 0.4 um Nucl epore and
with 0.45 um MIlipore filters differed significantly from element to
el enent and was in nost cases higher than unity (see "0.4/0.45" in Table

2).

In June 1980, from four stations off the Polish coast nmore than 60
sanpl es of suspended matter collected on acid-cleaned Sartorius cellul ose
acetate filters (0.45 um) were analyzed on Cd, Cu, Pb and zn follow ng
deconposition with 6 M HCl/40 % HF in a teflon autoclave (Skwarzec et
al., 1988). |In Table 3, the results of these investigations are
summari zed which, however, seemto be relatively high regarding the
percentage of particulate Cd in relation to the total concentration. For
zinc, the dissolved and particul ate concentrati ons are several tines
hi gher than observed by other authors in nore recently performed studies.
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Table 2. Particulate trace metals (PTM) in the Bay of Gdansk, 1981.
Element PTM -concentration Metal content Filter recovery ratio
Hg/1 Hg/g 0.4/0.45

Part.M. 6430 0.7

Ca 50 7950 1.3

Al 47 3500 0.5

Mg 41 6460 1.0

Fe 53 8810 1.7

P 7.0 1310 1.4

Mn 3.0 480 1.1

MO 0.09 15 1.5

Zn 4.0 630 1.1

Ni 0.23 40 1.2

Pb 0.30 52

cu 0.59 96 1.5

co 0.08 13 1.3

Cr 0.43 100 2.1

Cd 0.08 13 1.6

As 0.38 69 1.6

Se 0.15 25

Sb 1.35 221 1.6

Ag 0.20 37 1.5

Table 3. Mean concentration of particulate Cd, Cu, Pb and zZn off the

Polish coast, 1980; percentage of particulate metal
concentration from the total concentration (dissolved plus
suspended); metal content of suspensions.

PTM % Hg/g

uall
cd 0.06 68 34 - 84
cu 0.14 25 56 - 344
Pb 0.18 68 75 - 952

Zn 1.9 15 897 -3203
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Studies in 198071981 on PTM in waters of the Baltic Sea and parts of the
adjacent NE Atlantic (Briigmann, 1986; n=230), were continued during
further expeditions in 1983 and 1984. The results obtained on PTM at
station "BY 15" (= BMP Jl) in the Gotland Basin were discussed
particularly with respect to the relation between dissolved and
particulate metal fractions in anoxic waters (Briigmann, 1988). In the
mixed surface layer, Fe was mainly present in particulate form (0.2-8.5
pg/l). Particulate Pb (3.4-67 ng/l) represented always more than 50% of
the total concentrations. The PTM fraction of Ni (I1-60 ng/l) was almost
negligible whereas in anoxic layers for 2n (10-40 ng/l) and Cd (0.7-22
ng/l) substantial percentages of their total metal concentrations were
noticed in particulate form. In 1984, at 200 m depth the suspended matter
was extremely rich in Zn (6.4 mg/g) and Cd (61 pg/g). Close to the bottom
(235 m), Zn (2.8 mg/g) and Cd contents (13 ug/g) were still relatively
high. Here, for particulate Cu (lo-170 ng/1), for which the PTM fraction
increased gradually with water depth up to 50% of the total
concentration, maximum content (1.5 mg/g) in suspended matter was
observed. Mn-rich particles (170 mg/g) were found close to the
"redoxcline” at about 150 m, probably due to re-oxidation and
precipitation of oxides/hydroxides.

Automated electron probe x-ray microanalysis (EPXMA) was used parallel
to bulk AaAs determinations to characterise some 15 000 individual
particles from 50 samples of suspended matter collected in
November/December 1984 from different depths at 18 stations on a transect
between the Bothnian Bay and the transient area to the North Sea (Bernard
et.al.,, 1989; Briigmann et.al., 1989). For each particle, 14 minor and
major elements were determined and size information data were obtained.
Multivariate statistical analyses were invoked to classify the particles
in specific types and the abundance variations of these groups were
studied. Probably, due to the prevailing winter conditions, it appeared
that 80% of all investigated particles contained mostly silicon, and
seemed to consist of quartz, K-rich and Fe-rich aluminosilicates. The
abundance of Baso, particles averaged 5% throughout the Baltic Sea, but
amounted up to 44% at some stations. The abundance of Fe-rich particles
varied significantly with location and depth and averaged about 4 %.
Calcium carbonate particles became more abundant towards the North Sea
(see Table 4).

Bulk aAs analyses were carried out on altogether 157 samples. Preliminary
results (mean values, standard deviations, ranges) are summarized in
Table 5 (in brackets: percentage of the 0.5 N Hcl leachable metal
fraction).
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Table 5. Elemental composition of suspensions from the Baltic Sea,
1984.

Sanpl e Susp. Al Ca Mn Fe Zn Ba
specific. mg/l % % % % ug/g ug/g
Microlayer .9%.5 2.8f1.2 .56+.45 .16%.19 2.2f2.1 4804320 1410+-910
(-25-.45mm) (.3-2 ) (.6-5.2) (.09-2.2) (.03-.85) (.4-9.9) (230-1540)  (560-3750)
n=17 (17%) ) (100%) (55%) (95 %) (61%)
Surface .4%.2 4.212.2 .8%.6 LT22 2.5il.4 320130 1100+-600
(0.2-10m) (-1-1.2) (.7-12.9) (.12-2.63) (.05-12) (.4-7.9) (150-790) (30-3460)
n=64 (17%) (75%) (71%) (68%) (94%) (52%)
Inter-
mediate .4%.2 6.1i19.6 .8%.6 1.4f2.6 3.i3.8 60011100 920+-600
(20-400m) (.01-.9) (.8-6.2) (-1-2.4) (.02-14.7) (.4-24.5) (130-6400) (70-2940)
n=38 (20%) (75%) (93%) (63%) (100%) 47
Bottom .7%.5 4.612.3 .8%.7 1.3%4. 2.8f1.2 4001500 960670
10-550m (-1-2.6) (.4-8.8) (-1-3.8) (.01-19.6) (.5-6) (130-2790)  (70-3220)
n=38 (20%) (75%) (100%) (71%) (100%) (44%)

Concluding remarks:

1) There exist furtheron an urgent need for intercomparison and
standardization with respect to sampling of particulates and sample pre-
treatment (type of filter, filtration technique, volume of Tiltered
water/load per filter area, drying procedure, reduction of contamination
risks in the iaboratory ..).

2) In general, pressure Tfiltration through 0.4 um Tfilters of the
Nuclepore type has becone nore and nore the accepted sanpling procedure.
This is due to experiences in expert's |aboratories and is one of the
consequences of a questionnaire action wthin ICES. Mre than 60
| aboratories responded and the mgjority of them seemto prefer that
techni que. The surprisingly good results of an ICES Pilot Interconparison
Exercise on TM contents of suspended particulate matter (pre-loaded
0.4 pm/47 mm Nucl epore filters were distributed anong 7 experienced/
selected laboratories) reflected that 1in principle the necessary
contam nation-free and reproduci bl e digestion techniques and instrunental
met hods exist for accurate and precise PTM deterninations. The nost
sensitive part of the whole analytical procedure is the sanpling.

3) Wth respect to the high variability in the Baltic Sea ecosystem
(strong gradients of background parameters in horizontal and vertical
direction, anoxic conditions in central pasins, seasonal variations, high
organic load...) the pool of data on the concentration of PTMin
different water masses and seasons, of the netal content and of the
nature (origin, mneralogical and grain-size conposition) of the
particulate matter is by far not sufficient as reliable information
regarding the general contamnant |load of the Baltic Sea with PTM



340

4y Gadients and differences, observed in concentrations of PTM and of
t he suspensions and the distribution patterns of netal contents of the
particul ate8 may always reflect both, anthropogenic influences and
natural processes causing re-distribution and generation of suspended
particulate matter of different conposition and properties.

8.3 TRACE ELENMENTS | N BI OTA
U. Harms®
8.3.1 Introduction

Anong trace elements, certain metals (mercury, cadmium |ead, copper,
zinc) have received particular interest in ecotoxicology as well as
priority and significance in the context of existing convention5 for the
prevention of marine pollution. These "inorganic contam nants" have
several environmental features in common. They occur, a5 in all other
environmental conpartments, ubiquitously also in the marine environnent
(CGESAMP, 1976). They are nearly the only class of contaminants which are
bi ol ogi cal | y nondegradabl e but undergo bi ogeochenical cycles and have the
tendency to accunmulate in organisns from different trophic |evels of the
mari ne food web (Wod et al., 1968, 1974; Nriagu 1978; Wndom and
Kendal |, 1979; Hutzi nger, 1980).

Trace el enent concentration5 are determned in organ5 and tissues of
bioindicators because they provide a tinme-integrated measure of the
bi oavai l abl e portion in the respective environment under study. The
actual trace el ement concentrations in sel ected organi sms can undergo
consi derable fluctuations, mainly as a result of a conbination of factors
such as seasons, food supply, growth and reproductive cycles. Fish |iver
is preferably used in the context of nonitoring trace elenents in
bi ol ogical tissue. Know edge on the binding and accunul ation of netals
inliver is far frombeing conplete. Phillips (1980) has witten an
extensive review qualifying the problems related to nonitoring
(inorganic) contaminants in the organisns and stressed the inportance of
nmeasuring lipids in the liver. Grimids et al. (1985) showed that the
accunul ation of zinc, copper, |ead and cadm um by cod (Gadus morhua)
liver was significantly influenced by the fat content of the tissue
anal ysed. These observations indicated, as the authors concluded, that
netals in liver were connected to specific sites and nolecule5 in the
protein fraction, which varied considerably in dependence of the liver's
lipid content. The fact that several harnful trace elenents are found
at lower concentrations in skeletal nuscle of marine and freshwater fish
than in inner organs is regarded as indicative of regulatory netabolic
excl usi on mechani sms, which prevent incorporation or at |east enrichment
of such elements in muscle tissue (Chow et al. 1974, Bryan, 1976).

In order to understand the extent to which aquatic biotopes have been
i nfluenced by nman's activities, it becomes crucial to deternine
contam nant levels in different aquatic conmpartments including biota with
appropriate analytical certainty. Trace analyses are subject to nunerous
di fficultiesincludinginterferences, inappropriate instrunental settings
and uncontrolled gain or loss factors, which can conplicate neasurenents
and evaluation and introduce biasses in the final results. Accuracy is
very difficult to achieve in environnental analyses; yet it is extrenely
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important. The problens of data quality with special reference to the
nmeasurement of trace netals in marine sanmples have been di scussed by
Topping (1986).

The greatest problem in trace elenent analysis is the fact that
anal ytical data becone nore unreliable the ower the concentrations to
be determined are. The picture of inherent errors or of only linmted
reliability is always encountered in analysis whenever very |ow
concentrations in the sub-mg/kg region are to be neasured.

As a result of the application of nore reliable sanpling techniques and
anal ytical procedures know edge of the actual concentration |evels of
inorganic contaminants in various conpartnents including biota has
i ncreased. This promoted a better understanding of the behaviour and
distribution of such substances in the marine environment.

A primary target of the contributions presented in the followi ng was to
conpare contaminant levels in different fish species and nolluscs from
different locations/areas of the Baltic Sea, and to investigate whether
pronounced regional differences existed in the contamination |evels of

the bio-indicators selected. A further question of fundamental interest

was to conpare data sets fromdifferent years and to investigate whether
temporal fluctuations and/or trends of the contaminant |evels could be
i dentified.

Acknowledgement: The author wi shes to express his sincere thanks to the
International Council for the Exploration of the Sea for provision of
data from the "Baltic conponent"” of the 1985 Baseline Study of
Contaminants in Fish and Shellfish. The author received active advice by
M. Anders Bignert, Swedish Miseum of Natural History, on the graphica
presentation and evaluation of data reported by Sweden and by Dennark
in the framework of their national nonitoring programes. This is
gratefully acknow edged.

8.3.2 CGeographi cal Baseline Study 1985

The followi ng chapter contains excerpts froma report on the results of
1985 Baseline Study of Contamnants in Fish and Shellfish (ICES, 1988),
whi ch covered the North Atlantic, the North Sea and the Baltic Sea. Areas
of North and Baltic Sea sanpled in the 1985 Baseline Study are shown in
Figure 1. As regards extracting the "Baltic conponent” fromthe 1985
Baseline study, primary consideration was given to the two teat
organi snms herring (Clupea harengus) and cod (Gadus morhua) which were
specifically selected for the Baltic Mnitoring Programe (BWMP) for the
Second Stage. As a conplerment to information about contami nant |evels
in fish, blue nussel (Mytilus edulis) as representative of non-migrating
benthic organisms was included in the investigations.

The selection of netallic contam nants was restricted to those which were
obligatory determ nanda in the context of the BMP. These were: copper,
zinc, cadmum |ead and mercury.
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Figure 1. Marine areas in northern Europe sanpled in the 1985

Baseline Study of Contamnants in Fish and Shellfish.

The following paraneters are summarized in Tables 6-10 for different
cont am nant/ speci es/tissue combi nations:

The mnimm (mn), the lower quartile (25 %), nedian (50 %), upper
quartile (75 9% and nmaxi num (max) contam nant levels. no is the total
nunber of sanples collected for each species, and (n) the nunber of
sanples actually used in the assessnment after exclusion of unacceptable
dat a.

The criteria used for rejection were derived fromthe results of the ICES
Seventh Intercalibration on Trace Metals in Biological Tissue (Berman et

al. , 1988). The Tables contain also the ICES Statistical Rectangles
(sanpling areas) together with the reporting country for the areas in
whi ch concentrations above the upper quartile were observed. In this

context, the following statenent is quoted from ICES (1988; page 15): "It
should be noted that the delineation of quartiles is a relative measure,
inherent to the population of data under consideration. Thus, the upper
quartile has in itself no inplication in an "absolute" sense .
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8.3.3 Assessment of data from the 1985 Baseline Study
a) Species-specific differences

Sone elenents seemto be nutually correlated in fish. As portrayed in
Figures 2-3, these conditions becone nost obvious for copper and zinc in
cod and herring muscle tissue. It is also clear fromthese figures that
herring shows a tendency to higher values both of copper and zinc than
cod. Conversely, the nercury concentrations are higher in cod than in
herring (Fig.4). A possible explanation for these observations nmay be
found in the feeding habits (herring feeding on plankton, cod feeding on
invertebrates) of both species investigated

Mercury concentrations in blue nussels are, wth few exceptions,
significantly lower in comparison with mercury in fish analyzed in this
study (Fig.5). The data indicate "typical" levels for nolluscs (CGESAMP
1986) .

As mentioned earlier, metals are found at | owest concentrations in the
muscle of fish and this in itself may be indicative of a regulatory
process present in nuscle tissue. The obvious exception is mercury (as
regards the five el enents discussed here), which comonly occurs in
nmuscle tissue of fish at concentrations approaching or even exceeding
those in other organs.

It is also worth noting in this context that in view of extrene | ow
l evel s both of |ead and cadmi um encountered in fish nuscle tissue, and
having in mnd the difficulties associated with analyses in the extrene
trace range it was recomended in the guidelines for the 1985 Baseline
Study that these netals were to be analyzed in the livers of fish only.
Cadmium and | ead data in fish muscle tissue although submtted by sone
Contracting Countries, were therefore not taken into account in the
context of this report.

b) Regional differences

On the basis of findings outlined in Tables 6-10, the level of a
nmetallic contamnant in an area was identified as being "higher" in
conparison to the other areas investigated, if at least one of the
follow ng conditions was fulfilled

More than one species/tissue was found with contam nant
concentrations above upper quartile

More than one sanple of the sanme species/tissue was found to
contain contanmnant concentrations in the upper category.

One or several adjacent Statistical Rectangles show a
coi nci dence of upper concentration data
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Figure 2. Box- and- whi sker plots for copper concentrations (ng/kg wet

wt.) in muscle tissue of cod and herring.

Figure 3. Box- and- whi sker plots for zinc concentrations (ng/kg wet
wt.) in muscle tissue of cod and herring.
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Figure 4. Box- and- whi sker plots for mercury concentrations (mg/kg wet

Wwt.) in nmuscle tissue ofcod and herring.

Figure 5. Box- and- whi sker plots for nmercury concentrations (mg/kg wet
wt.) in blue nussels (whole soft body).



Species Tissue ng N min. 25% 50% 75% max. Areas with values above upper quartile
Cod Li ver 20 16 4.81 5.86 7.40 9.22 22.40 PL 3863, PL 4065, S 4268, S 43c¢7, SF 4883
Cod Miscl e 56 54 0.077 0.213 0.292 0.379 0.506 PL 3864, PL 41H0, PL 4068, PL 3803, PL 40GS
PL 3969, PL 3967
Herring Liver 21 16 1.62 4.61 4.96 5.23 6.93 PL 3863, PL 39G9, PL 4065, S 4361
Herring Muscle 35 29 0.26 0.328 0.69 0.94 1.50 PL 3966, PL 3969, PL 3863, PL 4065
Bl ue Sof t 68 61 0.35 1.03 1.17 1.36 69.30 DK 3960, DK 38F9, DK 40F9, DK 4160, DK 42Q0
mussel  body DK 4361, DK 4062, DK 38G0, PL 38G8, sU 42H0
SU 4482
Table 6. Results of 1985 Baseline Study of Contaminants in Fish and Shellfish (Baltic part only). Copper
concentrations in fish (ng/kg wet weight) and shellfish (nmg/kg wet weight).
Species Tissue n, n min. 25% 50% 75% max. Areas with vaiues above upper quartile.
Cod Li ver 19 1 0.024 0.030 0.036 0. 047 0.062 S 4361, SF 4883
Cod Muscle 56 2
Herring Liver 21 19 0.048 0.088 0.34 0.605 1.50 PL 3863, PL 39G9, PL 3869
Herring Muscle 33 11 0.010  0.013 0.016 0.049  0.15 SF 5783, SF 51H1, SF 48HO
Blue Soft 68 57  0.086  0.156 0.204  0.305 4.61 DK 40F9, DK 42G0, DK 43G1, DK 4261, DK 41G2
mussel body DK 40G2, DR 3962, DK 3964, DK 3864, SU 42HO
SU 4432
Table 7. Results of 1985 Baseline Study of Contaminants in Fish and Shellfish (Baltic part only). Lead

concentrations in fish (ng/kg wet weight)

and shellfish (ng/kg wet weight).

137493



Table 8.

Table 3.

Tissue n

Speci es o N mn 25% 50% 75% max. Areas with values above upper quartile.

Cod Liver 1 1 0.006 0.008 0.012 0.018 0. 064 PL 38G3, PL 3969, su 42H0

Cod Miscl e 11 40 0.002 0.025 0.037 0. 055 0. 365 DDR38GO, PL 41HO, PL 4068, PL 39G7, PL 3869
S 43G1, S 43G7, sU 42HO

Herring Liver 10 10 0.012 0.020 0.027 0.032 0.163 PL 4065, PL 3863, sU 44#3

Herring Muscle 36 35 0.004 0.014 0.018 0. 024 0. 049 D 3960, D 3863, DDR38G3, PL 3869, S 60H2
S 4667, SF 4986, SU 44H4, S 50G8

Bl ue Sof t 58 58 (0.001 0.001 0.003 0.006 0.045 DK 4162, DK 40G2, DK 3860, DK 40G0, DK 3962

nussel body DK 39G4, DK 38G4, DK 3868, SU 42HO, SU 4482

Results of 1985 Baseline Study of Contaminants in Fish and Shellfish (Baltic part only).

concentrations in fish (ng/kg wet weight) and shellfish (mg/kg wet weight).
Speci es Ti ssue ng N mn. 25% 50% 75% max Areas with values above upper quartile.
Cod Liver 20 15 0.014 0.027 0.036 0. 050 0.105 PL 4065, PL 38G3, S 4268, S 4361, S 43¢7
Cod Miscl e 56 54 <0.002 0.004 0.006 0.026 0. 056 PL 3764, PL 38G4, PL 40G5, PL 3969, PL 3863

PL 3868, PL 3967, PL 3869

Herring Liver 21 19 0. 169 0.346 0.472 0.553 0.663 PL 3863, PL 3969, PL 4065, PL 3869
Herring Miscle 33 31 0.001 0.002 0.006 0.034 0. 060 PL 3869, PL 3863, PL 4065, PL 3969
Bl ue Soft 68 61 0.041 0.079 0.100 0.132 1.80 DK 4361, DK 4261, DK 41G2, DK 40G2, DK 38Q0
nussel body DK 3861, DK 3962, DK 3964, DK 3864, DK 3868

DK 3768, SU 42HO, SU 44H2

Mercury

Results of 1985 Baseline Study of Contaminants in Fish and Shellfish (Baltic part only). Cadmium

concentrations

in fish (mg/kg wet weight) and shellfish (mg/kg wet weight).
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Species Tissue n, n min. 25% 50% 75% max. Ares Wi th val ues aouve upper quartile.

Cod Li ver 20 18 8.06 13.20 14.60 18.00 33.40 PL 4065, PL 3863, PL 40GS, S 4268, s 43c1
Cod Muscle 58 15 0.800 3.42 4.30 5.22 8.57 PL 3863, PL 3969, PL 3863, su 441

Herring Liver 21 17 20.40 25.10 26. 80 28.00 38. 80 PL 3863, PL 4065, S 466G7

Herring Muscle 35 24 4.57 5.58 7.78 10. 58 22. 40 D 38g3, PL 3863, PL 3969, PL 4065, su 4483

su 4484
Blue Soft 68 57 10.60 13.50 14. 60 16. 00 29. 20 DK 39F9, DK 39G1, DK 38F9, DK 40F9, DK 4160
mussel  body DK 42GO, DK 4062, DK 3860, DK 3962, DK 39G4

SU 4240, SU 4482

Tabl e 10. Results of 1985 Baseline Study of Contaminants in Fish and Shellfish (Baltic part only). Zinc
concentrations in fish (my/kg wet weight) and shellfish (ng/kg wet weight).

Only data from the HELCOM area have been reported here. The latitude |line 57°30' has been used to define the
northern extent of the Kattegat.

Data from the Swedish |aboratory UCKS were reported on a dry weight basis. The dry weight % was not included and
therefore these values could not be converted to a wet weight basis.

< values have been reported by some l|aboratories, as can be seen in the raw data tables. Al though cvalues will
have an effect on the quartile values, they were nonetheless utilised in calculating quartiles.

Quartile values have been rounded. The areas listed in the table with values above the upper quartile are those
in which one or nore concentrations have been reported above the unrounded 75% (upper quartile) value calcul ated
for the entire data set.

In the raw data, values identified with a * were originally rejected fromthe baseline study and therefore not
included here.

LvE
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Table 11. Conpi I ati on of areas where "higher" concentrations of trace
el enents were found in biota in the 1985 Baseline Study of
Contanminants in Fish and Shellfish.

Sub- Regi on Contaninant/area
in Cu d Pb g
Gulf of Riga 4402, 1413 {482, {413,
4404 4404
Eastern Gotland Sda 1369,4481 3868,3969 3768,3968 | 3869,39G9 | 386G8,3369,3969
38G9,3969 4100, 4280
Borahola Sea 4065 31966,3967, 4065
4065
Arkona Sea 38G3,39G2 | 38633864 38G3,3962 | 38G3,38G4 | 18G),386¢,39G2
1964 3%61,3964
The Sound 4062 4062, 4162 {062 4052, 41G2
Katt egat 4160,4260 | 4260,4361 42G1.4i(5w 4162,4260
4361 1261,4361
Belt Sea 38£9,.3989] 1889, 1RG0 39G0| 18G0,33G1 3860, 3960
40F9,3860 | 40F9,4160 4060

As outlined in Table 11, the mgjority of sub-regions identified by the
af orementioned procedure lay in the Southern Baltic Proper and the Belt
Sea and Arkona Sea, respectively.

It nust be stressed, however, that these conclusions are based solely on
a limted nunber of observations unevenly distributed over the Helsinki
Convention area. This indicates that countries participating in the
study were selective in the way they had chosen sanpling |ocations. As
a consequence of the uneven arrangenent of sanpling, the picture gained
through the 1985 Baseline Study renmmins fragnentary, giving only
i nconpl ete informati on on the true geographical distribution pattern of
the trace metals investigated in biota in the Baltic Sea as a whol e.
From the foregoing discussion on analytical uncertainties in trace
el ement analyses, the interconparability of data sets is also
questionable, and it is not clear whether the "regional" differences
observed reflect nmore the different analytical capabilities of
institutions participating in the exercises rather than the actual
geographi cal differences of contam nation.

Having this in mnd, the results of the baseline study provide only a
sel f-contained data set and Table 11 nust not be considered independently
of the preceding text.
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8.3.4 Synopsis on prevailing levels and temporal trends of trace
elements in Baltic fish and shellfish

The most comprehensive information on metallic trace element levels in
Baltic herring was reported by Sweden in the framework of its National
Environmental Monitoring Programme (Odsj& et al., 1987, 1988). Data
sets covering partly a period of 10 years are available for areas 60H2
(Bothnian Bay), 5068 (Bothnian Sea), 4667 (Northern Baltic Proper), 4065
(Southern Baltic Proper), and 4361 (Kattegat).

Extensive time series on trace metal levels in flounder were also
reported by Denmark for two locations (in the Sound and the Great Belt)
in the Danish marine environment (Pedersen, 1989).
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Figure 13. Trace element concentrations in flounder from the Sound,

Nivad region (40G2). Hg concentrations (1983-1987) on fresh
weight basis (muscle tissue); Cu, Zn, Cd and Pb
concentrations (1983-1987) on dry weight basis (liver

tissue). Aage, length and weight of fish (1983-1987)
indicated.
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Timesecies, Cod, Gadus morhua, Fladen (43G1)
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Figure 14. Trace element concentrations in cod from the Kattegat,

Fladen region (4361). Hg concentrations (1979-1988) on
fresh weight basis (muscle tissue); Cu, Zn, Cd and Pb
concentrations (1981-1988) on dry weight basis (liver
tissue). BAge, length and weight of fish (1979-1988)
indicated.
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Figure 15. Trace el ement concentrations in blue nmussel from the

Kattegat, Fladen region (43G1). Hg concentrations
1988) on fresh wei ght basis (whole soft body); Cu, zn, Cd
and Pb concentrations (1981-1988) on dry weight basis
(whole soft body). Length of nussels (1981-1988), wei ght
of whol e soft body (1983-1988) and shell weight (1984-
1988) i ndi cat ed.
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Timeseries, Common dab. Limanda |Inmanda. Fladen (4361)
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Figure 16. Trace element concentrations in comon dab from the
Kattegat, Fladen region (43Gl). Hg concentrations (1981-

1988) on fresh weight

basis (muscle tissue);
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length and weight
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Figures 7 - 13 graphically show the annual mean |evels, together with the
95% confidence intervals, of mercury, cadm um |ead, copper and zinc in
herring and flounder respectively fromdifferent |ocations both of the
Dani sh and Swedi sh narine environment. Plots (Figures 14 - 16) for cod,
blue nussel and common dab (Limanda limanda) are also available for the
Kattegat (43Gl). Cd, Pb, Cu and Zn data are calculated on a dry weight
basis of liver tissue analyzed, Hg data are based on wet weight analyses
in muscle tissue. Informati on on some  biological variables (length,
wei ght, age) of the fish specinmens analyzed is given in separate plots.

In several instances, there was evidence that at |east part of the
variation in nean netal concentration from year to year was due to a
linear trend. However, there were often considerable fluctuations
between years, which nmade temporal trend assessnents nore difficult. The
pattern of contam nant variation between years nmust be interpreted with
care. Principally, there could be a true long-term underlying trend,
with large annual fluctuations around this, caused by variations in the
envi ronnent under consideration. Al ternatively, contani nant | evel s
could have been rising for a certain period of tine, followed by a
decreasi ng peri od. O levels could have changed from one |ong-term
tendency to another.

In the followi ng, sone findings based on the aforenentioned tine series
and on other investigations to be cited are summari zed. It should be
not ed, however, that the data sets reported wll be carefully
statistically analyzed by the data originators in due course. Therefore,
only tendencies which seem to be quite obvious (from pure inspection of
the data) will be reported.

It is stressed again that due to wuncertainties associated with
analytical problens (see introduction) data on cadmum and |ead
concentrations in fish muscle tissue are not taken into account in the
following section.

8.3.5 Lead

Simlar trends in a nunber of different data sets were observed in the
Kattegat (43G1l, Fladen): cod, herring and blue nmussel showed |ong-term
changes with decreasing tendencies since the early 1980s. Data sets on
fl ounder collected fromthe Sound (40G2) at station "Niva" support these
findings.

The concentrations of lead in flounder from the Geat Belt (39G1) in 1984
showed a remarkable variance wth some highly enhanced values.
Unfortunately, only a limted nunber (11) of analyses had been reported
from this year conpared with 19-25 from the other years. Somewhat
enhanced val ues from 1985 conpared with 1986 and 1987 indicate that the
high value reported in 1984 might be true. However, it is also possible
that contamnation during sanple handling or analysis created systenatic
errors.
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8.3.6 Copper and zinc

From the 1985 Baseline Study on Contanminants on Fish and Shellfish (ICES,
1988), from the aforenentioned national contributions to the nonitoring
of the Baltic and from other relevant publications (Falandysz et al.,
1984, Fal andysz 1986 a,b,c, Tervo, 1987), it may be concluded that
typically the concentrations of copper and zinc in muscle tissue of fish
fromthe Baltic Sea are below 1 mg/kg and 10 mg/kg wet weight
respectively, whereas the corresponding liver data are a factor of about
5 to 10 higher. Cenerally, it can be stated that, conpared with data
fromthe North Sea, the copper and zinc |levels reported are not
significantly different in the Baltic Sea. Copper levels in Baltic
herring have only recently increased considerably (by a factor of about
2.5 from 1987 to 1988) in the Kattegat area (431, Fl aden).

A linear trend with slightly increasing tendency was observed both for
copper and zinc in Baltic herring from the Bothnian Bay (60H2,
Harufjlrden) since the early 1980s.

Zinc levels in Baltic herring had also increased in the Southern Baltic
Proper (4065, Utllngan) between 1981 and 1986, but significantly
decreased thereafter.

8.3.7 Cadmni um

Average Cd concentrations in flounder liver for the period 1983-1987 of
t he Dani sh trend nonitoring programe exhibited significant differences
bet ween the Sound (0.72 mg/kg dry weight = approximately 0.16 mg/kg wet
wei ght) and the Geat Belt (0.44 mg/kg dry weight = approximately 0.1
mg/kg wet weight). The cadmi um concentrations in flounder from the Sound
decreased over the years considered, those fromthe Geat Belt showed a
downward trend from 1984 to 1985 and renmi ned constant thereafter. As
a consequence of the tendencies observed, both areas consi dered show
nearly equal cadmiumlevels in flounder in 1987 (0.51 mg/kg dry weight
= 0.12 mg/kg wet weight and 0.41 mg/kg dry weight = 0.09 mg/kg wet weight
respectively). Such values were also found by Luckas et al. (1987) for
flounder collected fromthe Kattegat, the Little Belt, the Kiel Bay and
Bay of Meckl enburg.

Results gained from the analysis of several species (herring, cod, dab

Mytilus) collected fromthe Kattegat (43cl, Fl aden) by Sweden were
inconclusive wth respect to long-term changes of contani nant

accunul ation pattern or site. Data on cod and herring showed cadm um
| evel s fluctuating over the years, giving no evidence for a trend. Dab
indicated an upward trend. Data sets on blue nussels had a decreasing
tendency. Thus al though the area has been studied rather extensively,

a nore general statement about the devel opnent of the contamnination
situation over time cannot be nade

An anal ysis performed on herring collected fromthe far north of the
Bot hni an Bay (60H2, Harufjirden) showed that the cadm um concentrations
had increased substantially in recent years (with a maximm in 1986).
A simlar trend was observed for zinc and copper, as mentioned above.
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The average concentration of cadm um (over the years 1983-1987) in the
whol e soft body of the blue nussel, Mytilus edulis , from the Kattegat
(4361) was approximately an order of magnitude |ower than in nussels from
t he Swedi sh coast in the Bothnian Sea (50G8).

A sinmilar - although less distinct - gradient could be observed for
Baltic herring investigated in the framework of the aforenentioned
Swedi sh progranme. Concentrations of cadmiumin liver tissue were on an
average 0.53 mg/kg dry weight (average value for the period 1983-1987)
in the Kattegat (area 43G1); they were, however, 1.59 mg/kg dry wei ght
in the Bothnian Sea (area 50G8).

On 69 stations in the Belt Sea and Arkona Sea and the Southern Baltic
Proper (ICES subdivisions 22, 24, 25 and 26), a total of 9633 cod (Gadus
morhua) speci nens was exani ned by Lang et al. (1987) for externally
visible skeletal deformities. Investigations included the deternination
of cadm um concentrations in the liver and kidney tissue of 94 malforned
and 317 normally devel oped individuals. Cadnium |evels neasured in the
ki dney and liver samples of cod fromthe whole area of investigation
ranged from < 0.003 mg/kg up to a maxi mum of 0.178 mg/kg (ki dney) and
0.276 mg/kg (liver) wet weight, respectively.

Irrespective of the health condition of the individuals analyzed, results
reveal ed slight, but significant, higher contanination levels in the
eastern and northern parts of the area investigated, thus indicating
again a concentration gradient sinmlar to the case of blue nussel and
Baltic herring.

Information gained from the afore-mentioned investigations is that higher
cadm um concentrations are found the further north in the Baltic sanples
were taken.

The dominant source of cadmiuminput into the Baltic Sea is fromrivers
(Baltic Marine Environnent Protection Conmission, 1987). Several studies
have demonstrated an inverse relationship between dissolved cadnm um
concentrations and salinity (Huizenga et al., 1983, Balls, 1985,

Krenfing, 1987) in coastal mxing zones. This is mainly due to the fact
that cadmium has a low particle reactivity (a weak tendency to be
adsorbed onto suspended particulate nmatter in relation to other elenents
such as mercury or lead). Therefore, higher cadm um concentrations in
biota collected fromthe northern sub-regions of the Baltic Sea nmay be
associated with higher proportions of riverine water (i.e. higher cadnium
input) in those areas

A further consideration regarding the above-nentioned northwards increase
in concentrations of cadmiumin organisns is the consequence of salinity
on the bioavailability of this element. The Baltic salinity decreases
fromabout 20 PSU in the Kattegat to about 5 - 7 PSU in the Bothnian Bay.
This change (gradient) in salinity causes changes in the chem ca
speciation of cadmium which in turn nmay have an influence on the
efficiency with which this elenent is accunulated by narine organi sns.

Phillips (1977), for example, found higher cadm um concentrations in
bl ue nussels (Mytilus edulis) in areas where salinity was |ower relative
to other areas of higher salinity. It has not yet been proven that an

inverse relationship exists between salinity and the uptake of cadm um
by organisns at different trophic | evels. However, it is evident from
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investigations carried out in the Baltic that the spatial decrease of
salinity going northwards in the Baltic is accompanied by an increase of
cadmium concentration in biota.

It is also debatable, whether the negative trend of salinity observed in
nearly all sub-regions of the Baltic during the last decade (compare
chapter 'Hydrography') may be reflected by (inverse) upward temporal
trends for cadmium concentrations in biota. Observations that cadmium
concentrations in herring from the far north of the Bothnian Bay (60HZ2,
Harufjdrden) have 1Increased substantially during recent years may
possibly be attributed at least to a certain extent to this phenomenon.
However, it is recognized that this effect is probably superimposed by
variations of the total metal load in that sub-region from discharges of
metal producing/processing industries.
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Figure 17. Graphical presentation of BMP data on levels of mercury in
herring muscle for the period 1978-1988 received by the
Finnish Institute of Marine Research.
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8.3.8 Mercury

Rel evant literature provides a considerable anmount of information on
nmercury levels in marine fish and shellfish. In particular, data from
the "Six-Year Review of |CES Coordinated Mnitoring Programres (I CES,

1984), and fromreview articles (GESAMP, 1986 and |CES, 1989) suggest

that for nost species the present background level is in the range of

0.05 to 0.15 mg/kg wet weight.

On the basis of these findings, nonitoring data subnitted by Baltic Sea
States reflected in nost instances concentrations approxinate at back-
ground levels. This is also true for BWP data received by the Finnish
Institute of Marine Research (conpare Figure 17). Based on the
infornmation available there were only two areas of concern. At station
Nivd in the Sound el evated mercury |levels were nmeasured in flounder
with an average concentration of 0.22 mg/kg wet weight for the period
1983 - 1987. Findings suggest, together with what is stated above, that
flounder fromthis area may still have been contaminated with nercury
during recent years. In addition, Baltic herring from Angskdrsklubb
(5068) in the Bothnian Sea al so have higher mercury |levels , although
a considerable decrease of the concentration level could be identified

However, this observation nust be considered very cautiously, since it
may - at least partly - be a result of sanpling inconsistencies over the
years. In other words, the structure of the data observed does not
reflect adequately the tenporal trend in that area. When herring is
sanpled for trend nonitoring purposes, the age-dependent migration
behavi our of this species nust not be ignored. The young age cl asses of
herring up to the tinme of sexual nmaturity are regarded as being
stationary and thus representative of the area where they are collected.

The ol der age classes however have shown to perform |ong-distance
mgrations. Accordingly, different age classes analysed bring different
i nformation. Therefore, it cannot be excluded that ol der specinens of
herring collected from 1980 to 1984 at Angskirsklubb nay have visited the
nost severely polluted parts of Gavle Bay before they migrated into the
area where they were caught. In contrast, the younger fish collected in
the years thereafter may be assumed to have stayed mainly in the actua

sanpling area. Consequently, a critical evaluation of the tine series
|l eads to the conclusion that the decreasing tendency in nercury
concentration may be | ess pronounced than suggested by these anal yses,

since it is probably superinposed by a "sanpling effect".

In accordance with the nonitoring programme of the Helsinki Conm ssion,

the concentrations of zinc, copper, lead, cadmum and nmercury in Baltic
herring, cod and two species of invertebrates (Macoma baltica  and
Saduria entomon) have been neasured annually since 1979 in the Finnish
sea areas (@lf of Finland and Qulf of Bothnia).

During the five-year period 1982 - 1986, levels of the nmetals seem not
to have changed considerably (Tervo, 1987). Data were also inconclusive
with respect to existing differences in the spatial distribution of
copper, zinc, cadmiumand lead. Variations in the metal concentrations
in biota within one sanmpling area nmasked possible differences between the
sanpling sites studied. However, in the case of nercury, at least for
herring muscle tissue, significant geographical differences could be
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detected. In the <@lf of Bothnia, the average total nmercury
concentration (five-year average of the period 1982-1986) was 0.02 mg/kg
wet wei ght, whereas the corresponding value in the eastern Gulf of
Finl and was 0.04 mg/kg wet weight.

As is the case with cadmum the multispecies-approach (several species
fromthe sane area) applied to the Kattegat (4361, Fladen) led to
inconclusive results. Herring and dab analyzed in that area indicated
consistently slight upward trends. Cod, however, showed nercury levels
fluctuating over the years, giving no evidence for a trend. The sane
observation was made for blue nussels.

8.3.9 Organotin compounds

Bjdrklund (1989) provided results of a survey on the occurrence of
organotin conpounds in the Swedish aquatic environment. Concentrations
of tributyltin ranged in sanples of fish (flounder) from< 0.05 to 0.28
mg/kg dry weight, in sanples of free-living blue nmussels (Mytilus edulis)
from0.15 to 3.5 mg/kg dry weight, and in sanples of other invertebrates
from0.05 to 4.3 mg/kg dry weight. Tributyltin occurred in blue nussels
at essentially all locations investigated, which suggested that there was
a conprehensi ve dispersal of these conpounds in Swedish waters. Sanpl es
fromthe area of investigation at the west coast of Sweden, and |ocally
also at the Baltic coast, showed the same kind of shell deformation as
those observed within the tributyltin polluted areas of the southeast
coast of England

There is grow ng concern about the presence of organotin conmpounds in the
mari ne environment. Namely, serious problems occur through the use of
tributyltin (TBT) as antifouling agent in paints. In areas of restricted
water circulation and intensive recreational boating, |eaching of TBT
fromtreated surfaces has caused adverse effects on marine life. It is
recognized that water concentrations even at the ng/l concentration
| evel of TBT can have lethal and sublethal effects on a wide variety of
mari ne organi sns, particularly on the sensitive early life stages of fish
and shellfish (Laughlin et al., 1985, Thompson et al., 1985, cardwell
et al., 1986, and \aldock et al., 1987)

SUMVARY
In relation to previous assessment periods the trace elenent data basis
is still rather limted and allows only very prelimnary conclusions on
trends.
Regardi ng particle-associated metallic trace elements it is still very

difficult to conpare data from different |aboratories, owing to
met hodol ogi cal uncertainties. There is an urgent need for interconparison
and standardi zation of the various procedural steps in obtaining data on
particle-associated trace metalconcentrations, particularly with respect
to sanmpling nethods and pre-treatnent of the sanple.

In view of the high variability in the Baltic Sea ecosystem there is an
i nadequat e pool of data which does not provide reliable information on
the particle-associated concentrations of trace netals in different water
masses and at different seasons, on the netal content of suspended
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particulate matter, and on the nature of the particulate matter in terms
of origin and mineral ogical and grain-size conposition.

Gradients and differences observed in the concentrations of
particl e-associated trace netals, concentrations of the suspended
particulate mtter, and the distribution pattern in the netal contents
of the different types of particles may reflect both anthropogenic
influences and natural processes that cause redistribution and generation
of suspended particulate matter of different conposition and properties.

Trace el ement concentrations in fish and shellfish have not changed
remarkably since the early eighties. Cenerally, it can be stated that
mercury values in biota do not significantly differ now from those in the
North Sea and the North-East Atlantic. Conpared with present background
levels, elevated nercury concentrations were only found at the station
Nivd in the Sound, and at the station Angskdrsklubb in the southern
Bot hnian Sea. For the latter station, however, a considerable decrease
of the concentrations could be identified during recent years.

Fish and shellfish from sampling locations in the Kattegat and the Belt
Sea showed tendencies for decreasing |ead concentrations. These findings
are supported by tendencies of dissolved |ead concentrations in Baltic
Sea water. It is possible that this is already an effect of the increased
use of unleaded petrol

A tendency of increasing cadm um concentrations in biota when going in
northerly direction in the Baltic Sea could be identified. The prine
factor behind the fact that higher cadnmium concentrations were found the
further north sanples were taken in the Baltic is obviously an inverse
relationship between salinity and cadm um uptake. The Baltic salinity
varies from about 5-7 PSU in the Bothnian Bay to nore than 20 PSU in the
Kattegat. These changes in salinity are acconpanied by changes in total
concentrations, in the chem cal speciation and bioavailability of
cadm um

(bservations that cadnium concentrations have increased in fish fromthe
station Harufjdrden in the northern part of the Bothnian Bay during
recent years nmay possibly be attributed at least to a certain extent to
the decreasing salinity in the Baltic between 1979 and 1988. However,
this effect is obviously small in conmparison with the influence of stil
exi sting discharges of industries.

Because of first adverse effects (shell deformations) found for blue
mussel s from the Swedi sh coast, there should be grow ng concern about the
presence of organotin compounds (namely tri-butyltin) in the marine
envi r onnment
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ABSTRACT

This report is a part of the Second Periodic Assessnment of the State of
the Marine Environnent of the Baltic Sea, 1984-1988; Background Docunent.
Data collected on organic contam nants according to the Baltic Mnitoring
Programme together with results reported in open literature on nonitoring
and research on fate and effects of organic contaminants in the Baltic
Sea have been conpiled and eval uat ed.

9.1 | NTRODUCTI ON
9.1.1 General

Contami nation of the sea by stable organic contam nants originates from
widely different sources. Atnospheric and riverborne transport adds to
the point source discharges. Conplex industrial effluents add to
muni ci pal di scharges containing chemical products used in househol ds.

Stormwater is contaminated fromroad traffic, etc. The worldw de
transport and use of petroleum inevitably |leads to discharges and
accidental spills contamnating the environnent. The probl ens caused by
stabl e organic conpounds have been a subject of attention since the
di scovery of DDT and later pcBs as widely distributed pollutants in the
marine environnent.

The know edge gained fromyears of nonitoring and research on these two
conmpounds has resulted in restrictions on the use of themat least in the
industrialized countries. This is mrrored by decreasing levels in the
Baltic Sea.
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Experience from these "stories" has resulted in the devel opnent, in
several countries, of nethods for testing and eval uation of chem cals and
regul ations for their release into the environment. Nevertheless the |ist
of substances which now need to be nonitored has increased and the
anal yti cal chemists wll "successfully" find new environnenta
contam nants also in the future

There is certainly a great need for stronger activities to control the
production and use of stable organic chemicals in order to reduce their
input into the environment. This can be done only by simultaneous
international product control regulations and national efforts to contro
the em ssions fromall responsible sectors. To guide and support this
work and to function as an additional defence barrier, regular chemca
and biological nonitoring, as well as an unprejudiced search for harnful
known and "unknown" substances in the environment, is necessary.

In this chapter the state of contamination of the Baltic Sea by stable
organi ¢ conpounds is reported. Contam nants of petroleum hydrocarbon
origin are discussed separately as are pesticidal conponents. The third
sub-chapter deals with other types of organic contam nants including also
unidentified halogenated conmpounds analyzed as adsorbable organic
hal ogens (aox) or extractable organic chlorine (gocl).

The second stage of the Baltic Sea Mnitoring Programme for the period
1984- 1988 recomrends the follow ng hazardous substances to be anal ysed
in selected organisns: DDT, DDD, DDE, pcBs and toxaphene. The preferred
ani mal species are: herring, cod, blue nussel, flounder, Saduria and
common shrimp. In addition to this, the Contracting Parties are
recommended to include also at |east one species of marine birds. Sea
wat er and sediment sanples should be anal yzed for petrol eum hydrocarbons
{PHcs) and chl orinated hydrocarbons only on a tentative basis.

9.1.2 Har nf ul contaminants

There are certain properties which characterize environnenta
contam nants regarded to be generally distributed and potentially
harnful. These substances or their netabolites are persistent
bi oaccunul abl e and toxic

Persistence inplies a certain capability to withstand chenical,
phot ochemi cal and bi ol ogi cal degradation, rendering a substance a |ong
l'ife which makes possible its transport and distribution over w de areas.
Persistence will also inply that contaminants will accunmulate in the
environment over the years.

Bi oavailability inplies that a substance is taken up in biota. Specia

concern is given to bioaccunul abl e substances which neans that high
concentrations can be built up in biota. Even worse are substances, which
due to persistence, wll also biomagnify in top predators. The
l'i pophilicity of non-polar substances affects their distribution to the
fat of the organisms. This is one inportant factor for their inclination
to bioaccumulate. The steric structure of the nolecule will affect its
prerequisite to adsorb to detritus and thus it will influence both its
transport in the environment and its bioavailability.
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Bi oaccunul ating substances are per definition concentrated in biota. Thus
the levels found in organisns are influenced by the density of the
biomass in the area. A release of a certain amunt of, for instance, PCB
i mpl i es higher body burdens in fish in an oligotrophic area than in an
eutrophic area

The ultimate ecol ogical effect caused by the release of a chen cal
subst ance depends on which ecol ogical society and its organisnms are
exposed and under which climatol ogi cal and hydrol ogi cal circunmstances the
substance reaches the environment. The toxic effect might then be acute
or chronic for the various species exposed.

The coastal areas are especially exposed because of the proximty to
| and- based pol | ution sources . Further, the mgjor part of the organisnms
in the sea are to sone extent coastal bound and harnful effects in these
areas give rise to ecological effects also in the central Baltic Sea.

To summarise: a non-persistent, bioavailable and toxic substance ought
to give an ecological effect only in the vicinity of the discharge,
whereas a persistent substance will affect also renote areas of the sea

9.1.3 Bi oaccumul ati on

The bioaccunul ation of a substance in biota depends on the output to the
environment and the anount of biota into which it can be absorbed (O sson
and Jensen 1975, O sson 1977). In addition the anount of particles to
whi ch the substance can be adsorbed is inportant. Conpiling conparable
data on DDT and PCB in fish fromthe Baltic, a recent report has stressed
the counteracting effect of eutrophication on |evels of bioaccunulating
organochlorines in biota (Neuman et al. 1988). At a simlar output of
persi stent bioaccunul ating chem cals, the area having the highest density
of the biomass ought to have the | owest anount per gram bi omass. The
conpil ed data indicate that this phenomena occurs in the Baltic. Data
on DDT and PCB levels in plankton presented by Roots and Peikre (1981)
m ght indicate a simlar phenonenon and higher |evels are generally found
in off shore sanples conpared with sanples collected closer to the coast.
In future baseline and nonitoring studies, the influence of the density
of the biomass on recorded levels in organisns has to be considered

For any substance found in biota where partition between water and lipids
is a part of the uptake nechanism the content of lipids in the organism
is important. In ICES and HELCOM nonitoring programes, the fat content

is determned when organochlorines are analyzed. The inportance of this

has been shown by Perttila et al. (1982) in their study on Balti:

herri ng.

In organisns, the reactions leading to partition equilibrium however,
are time dependent. The clearance half-life for various organochlorines
investigated in goldfish, for instance, varies between 10 to 60 days
(Brcggemann et al. 1981). Thus a rapid decrease of the lipid
concentration in fish during the spawning period might inply that the
concentrations of organochlorines increase in the body |ipids during this
-+ - Cod.
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I nvestigations on the seasonal variation of PCB levels in roach during
a seven-year period, however, have also shown that increased waterflow
in the contributories of a Swedish lake inply an increase of the PCB
levels in the body lipids of the fish (Osson et al. 1978).

Field data show that the organochlorine |levels are generally higher in
the lipids in spring sanples of Baltic herring conpared to speci nens
collected during autum (O sson and Reutergdréh 1986). Sinmilar results
have been shown on perch collected in a Baltic Proper archipelago (Edgren
et al. 1981). The discussion above indicates that the higher |evels of
PCB observed during spring can have nore than one explanation.

The results show the inportance of having conparable collection periods
when conparing nonitoring data. In the HELCOM nonitoring programre, early
autum is chosen as the recomended collection period

9.1.4 Analytical methods

The anal ytical techniques and instrunentation for measuring organic
contam nants in environmental sanples is under rapid devel oprment. The
anal ytical chemist faces greater difficulties the lower the |evels of
contamination are in the respective matrices. Thus the concentration of
nonpol ar, |ipophilic environmental pollutants might be troublesone to
nmonitor in the water phase with extrenely [ ow concentrations, while the
higher levels in biota due to bioaccunulation are readily neasurable.

Intercalibration exercises have repeatedly shown that in order to obtain
comparabl e results between different |aboratories it is necessary to use
wel | -defined and agreed procedures. This neans that nost data reported
inthe literature on organic contamnants in the Baltic Sea shoul d not
be used for direct conparison. Regional gradients and tinme trends are
thus possible to evaluate only from data produced by single |aboratories
using the same technique and preferably also the sane personnel for
several years

In the interim report, Intercalibration Exercise on O ganochlorine
Conpounds in Baltic Waters (Briigmann et al. 1989), it is concluded that
before organochl orine conpounds are included as obligatory deterninands
in the Baltic Mnitoring Programre, several technical and personne

requirenents have to be conplied with. This deals with the availability
of common certified standards, certain instrunental specifications,

demand on experienced personnel and common anal ytical procedures.

9.2 PETROLEUM HYDROCARBONS
G Dahlmann2

Preliminary remarks

The chapter "Petroleum Hydrocarbons" of the Second Periodic Assessnent
of the State of the Marine Environnent of the Baltic Sea Area is a
revised version of the corresponding chapter in the first assessnent,
kindly supported by its authors, E. Andrulewicz and K -H Rohde
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For the purpose of this assessment summary data about petroleum
hydrocarbons (PHC), 1i.e. data which are achieved by means of
spectroscopic methods and not followed by a more precise determination
of the compounds detected, have not been used because these data cannot
be used to assess the state of the sea.

Accordingly, the many gaps in the knowledge about input, fate, and
effects of PHC in the Baltic Sea, mentioned in the first assessment, have
seemingly increased. However, 1in addition to a more precise and
scientific interpretation of the monitoring results achieved in the past,
this could lead to a better understanding of the role of PHC (not Only
in the Baltic Sea) and support the application of more sophisticated
analytical techniques.

9.2.1 Introduction

Petroleum hydrocarbons (PHC) in environmental samples comprise a very
complex mixture of thousands of organic compounds with different
behaviour and thus different effects on marine life. There is a broad
range of substances, from harmless n-alkanes, some of which are even
produced by marine organisms, up to the very toxic and in part
carcinogenic aromatic and heterocyclic compounds.

The term PHC comprises crude oils and its refined derivatives, which
contain different amounts of different types of hydrocarbons, e.g.
alkanes, cycloalkanes and aromatics, both alkylated and parent
structures. Compounds containing oxygen, nitrogen, sulphur, and various
metals (Ni, V, Fe) are also present.

However, PHC also include hydrocarbons formed, during the pyrolysis of
any carbon-based fuel, e.g. polycyclic aromatic hydrocarbons (PAH) which
are also present in petroleum. Aromatic hydrocarbons from combustion
sources are characterized by a less degree of alkylation than aromatics
from crude oil, but this degree is temperature dependent. In addition,
aromatic hydrocarbons, even PAH, are generated in refining operations
and enriched in products from, for example, cracking processes.

Once released into the environment, all of these compounds are subjected
to continuous and variable changes due to bacterial degradation,
photo-oxidation etc. Accordingly, there are basic methodological problems
in monitoring PHC contamination; a single representative parameter for
PHC contamination cannot exist. It is sometimes even difficult or not
possible to differentiate between PHC of anthropogenic and biogenic
origin.

Nevertheless, there is a need to determine PHC contamination because of
the common worldwide use of petroleum. Efforts have been made for more
than 20 years to determine this kind of pollution. The correct scientific
way to analyse mixtures 1is to determine their single components
separately. With regard to PHC, this is hitherto an ever growing
challenge for analytical chemistry.

Petroleum hydrocarbons in the Baltic Sea have been the subject of several
extensive new overviews e.g. by Jorgensen (1985), Granby (1987), Baltic
Marine Environment Protection Commission - Helsinki Commission (1987).
The present work takes advantage of these reviews.
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9.2.2 Input of petroleum hydrocarbons into the Baltic Sea
Threatening picture

Petroleum hydrocarbons enter the marine environment as a result of marine
transportation, municipal and 1industrial waste deposition, through
runoff, atmospheric input, offshore production and from natural sources.
A worldwide estimation of the input is given by the International
Maritime Organization (IMO 1981, Table 1).

Table 1. Estimated inputs of petroleum hydrocarbons to the Baltic
Sea and to the world oceans.

IMO 1981 Jorgensen et al. 1985
world oceans Baltic Sea
% 1 000*t/y % t/y
Transportation
chronic 35.6 1 050 5.2 4 000
acute 14.2 420 2.6 2 000
Refineries f 2.4 1 800
Municipal waste water j 15.4 12 000
Industrial waste water 40.0 1 180 < 0.9 700
Urban runoff 13.1 10 000
Rivers J { 58.8 45 000
Atmosphere 10.2 300 1.3 10 000
total (t/y) 2 950 000 76 500

The Baltic Sea is an area which differs considerably from the average
world ocean. In particular, the fact that the Baltic Sea is a land-locked
basin with a water volume that is small compared to the oceans makes it
more susceptible to damage. Natural seeps are lacking, and offshore oil
and gas production is still in its infancy. Transportation of oil and
intensive shipping activities may be a larger source of PHC than in other
seas, but the highest iInput figures are Tfrom land and atmospheric
fallout.
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These considerations are reflected by the figures given by Jergensen et
al. (1985) in Table 1. Melvasalo et al. (1981) estimated the total annual
input of PHC to the Baltic Sea at 50-100 thousand tonnes, which is in
good correlation with the overall input, estimated by Jorgensen et al.
(1985). Enckell (1986) made an estimation based on national reports
submitted to the Helsinki Commission. She estimates the annual input of
hydrocarbons to the Baltic Sea to fall within the range of 21,000 to
66,000 tonnes. IFf these estimates are correct, the Baltic Sea receives
up to ten times as much PHC relative to its volume as does the average

ocean.

General remarks about the input estimates

According to the definition of PHC, given in chapter 9.2, input estimates
for PHC should not be over-interpreted as the chemical composition of
PHC from the different sources is different, in principle. Even the
physical state of single contributions is different. Therefore, input
estimates of PHC do not only include errors due to methodological
uncertainties, but touch a fundamental problem. Figures for the input of
substances into the sea, in principle, can only be given separately for
each single substance. The quantitative comparison of PHC from different
sources might be misleading because the qualitative differences are
particularly great.

The aim of an input estimate for PHC is the assessment of the seriousness
and the scale of the input5 from the various sources. However, a survey
like this compares, to a great extent, like with unlike. Moreover, since
the noxiousness of the load from the various sources is fairly unknown
and by no means proportional to the amounts estimated, it would be wrong
to base far-reaching conclusions concerning the seriousness of the PHC
contamination from the different sources from their estimated
contributions. "The need Tfor conclusions still calls for better
analytical methods and a better knowledge of the impacts, which faces us
with a lot of not only methodologic but also philosophic problems"
(Enckell 1986).

9.2.3 Analysis of petroleum hydrocarbons
Background

The major methods used for measuring petroleum hydrocarbons in the marine
environment are: infrared spectrometry (IR), ultraviolet fluorescence
spectrometry (W-F), high pressure liquid chromatography (HPLC), gas
chromatography (GC) and combined gas chromatography-mass spectrometry
(GC/MS). In this order, a higher specificity, i.e., ability to
differentiate PHC from other hydrocarbons, 1is achieved up to the
possibility of being able to determine each single compound separately
by GC/MS. Accordingly, these methods are also ranked according to a
higher expense and higher costs of the instruments. In addition,
corresponding extraction and clean-up techniques are used to increase the
specificity of these methods.
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I n Baltic laboratories, IR and W-F techniques were most commonly applied
in the 1960s and 1970s. There was a tendency to switch from |Rto WF
during the 1970s. Later studies also used the other techniques (GC, HPLC
and GC/MS).

There have been two main intercalibration exercises on petroleum
hydrocarbons in the Baltic countries (Anon. 1977, Baltic Marine
Envi ronnent Protection Conmm ssion - Helsinki Commission 1982). The second
intercalibration - linmted to the WF techni que - yiel ded conparabl e
results and, consequently, this technique was recommended as a screening
nmethod during the first and second stages of the Baltic Monitoring
Programme (Baltic Marine Environnent Protection Conmi ssion - Helsink
Conmi ssion 1980, 1984). Moreover, the nonitoring of PHC by WF was
obligatory during the second stage of the BWP, and is now tentative again
during the third nmonitoring period (Baltic Marine Environment Protection
Conmmi ssi on - Hel sinki Conmission 1988).

General remarks about the W-F net hod

I n order to avoid the obvious confusion about the usefulness of the UV-F
method and about the inclusion of the parameter PHC into the BMP, the
val ue of the WF nethod has to be discussed in nore detail

The “Kiel workshop", 1981, recomrended the use of UV-F as a screening
met hod for determning the PHC pollution of seawater (Baltic Marine
Environnent Protection Conmi ssion - Helsinki Comm ssion 1982). Screening
of a sea area neans looking for "hot spots", i.e., areas of higher burden
of contami nants

The advantages of the W-F nethod for PHC screening are obvious. The W-F
method is sinple, sensitive, inexpensive and fast, and thus provides an
effective tool for surveying large sea areas. |Its principle is mainly
connected to aromaticity. Wen excited at distinct wavel engths, aromatic
compounds emit WIlight at |onger wave |lengths. Thus, with regard to the
PHC contamination of seawater, the nost harnful substances of petroleum
are neasured. In addition, because aromatic conpounds are only rarely
produced by marine organisnms - in conparison to other biogenic
hydrocarbons - the specificity of WF for PHC is increased markedly over
the IR technique

There is no doubt that a summary method such as UV-F is not adequate for
determining the very complex and changing composition of hydrocarbons in
marine samples. Increased fluorescence values have only to be regarded
as a warning signal, and more sophisticated techniques like HPLC, GC and
GC/MS must be used to find out the reason for the increased fluorescence
intensities, i.e. the sources of the fluorescing conpounds.

Regarding the very different conpositions of the sources of PHC and the
changes due to variable environnental factors, the conposition of a
mari ne sanple differs drastically from the conposition of the crude oi
used as standard, except in the very rare cases of direct inputs where
an appropriate standard can be chosen. Therefore, WF shoul d be used
only for screening in a nonitoring strategy, followed by nore detail ed
investigations of the conposition of selected sanples by nore
sophisticated nethods. In this sense, WF saves tinme and capacities for
the nmore detailed investigations.
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PHC nonitoring by WF should be continued in the BWMP, in order sinply
to achieve a starting point for a joint PHC nonitoring. There is no tine
to hesitate, until a perfect solution of the problem of PHC deternination
is found.

Rearing in nmind that the WF screening greatly reduces the nunber of
sanpl es which has to be analysed in nore detail, it should be possible
to find solutions if the appropriate techniques are not avail able.
Research projects within the framework of international co-operation are
urgently needed.

9.2.4 Monitoring results
Petroleum hydrocarbons in water

There is a multitude of IR and WF data fromall Baltic countries over

the past years. owing to the fact that these data have not been fol | owed
by a nmore precise description of the conmposition of the hydrocarbons
found, they have to be critically |ooked upon in an evaluation (see
above). Table 2 is given only in order to show the historical technica

devel opment. An overview over extensive investigations in the years 1980
to 1987 is given in Figure 1 (from Poutanen 1988).

Table 2. Summary val ues of PHC, achieved by spectroscopic methods
Measur enent Met hod Concentration Source of

peri od ug/l i nformation

1969 not given 300- 1000 conpiled by Tervo
1970-1975 | R-spectr. 50- 100 (1980) from

1971-1972 " 50- 100 various sources
1973-1974 " 100- 200

1974 UV-F-spectr. 1

1976 " 1-3

1977-1979 " 0.3-4.1

1978- 1979 " 0.2-9.4

1980- 1982 " 0.2-14 Rohde & Briigmann (1985)
1981-1982 " 0.4-21 Law & Andrul ewicz (1982)
1980- 1983 " O 7-18.5 DH (1981-1989)
1983-1988 " 0.7-3.3

1981- 1985 " 1.0-1.6 carlberg (1987)

1980- 1987 " 0.1-2.5 Pout anen (1988)

1984- 1987 - 1.0-2.3 Tal vari (1988)
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Total hydrocarbon concentrations (W-F values)
in the time period 1980-1987 (from Poutanen,

1988).
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Theobald (1988) found that up to 90% of the nmeasured fluorescence in
sanples of Baltic seawater (n-hexane extracts) originates from polar,

i.e. oxygen or nitrogen containing conpounds, even though a part of these
conpounds may have been derived from non-polar, even petroleum

precursors, e.g. by photo-oxidation or bacterial degradation. However,

in addition, a further inspection of the *real" hydrocarbon part of the
sanmpl es shows that - unlike in petroleum - unsubstituted polycyclic
aromati ¢ conpounds |ike phenanthrene, fluoranthene, pyrene etc. (PAH),

predom nate (DHI, 1989). These conpounds origi nate mainly from
combustion processes and enter the marine environnent by atnospheric
fallout or land or river run-off. Since the ratio of PAH to al kanes in
these mxtures differs drastically fromthat of the crude oil used as
standard oil, there is overall a large uncertainty in W-F values from
the Baltic inplicating that isolated values are generally of linmted
val ue.

Neverthel ess, sonme prelimnary conclusions, drawn in the First Periodic
Assessnent from WF results (Baltic Marine Environment Protection
Commi ssion - Hel sinki Conmi ssion 1986), seem now to be verified, when
sanpl es are analyzed in detail. The even distribution of these values in
all areas and depths, i.e. simlar values are found in areas of high
shipping traffic in the western Baltic as well as in open waters of the
Baltic Proper, indicate the high contribution of the atnospheric input
(DHI 1983). The suggestion that |ower UV-F values in sumer are the
result of higher evaporation and higher bacterial degradation (DH 1984)
correlates with the latest results (Theobald, pers. comm.) showi ng a
hi gher proportion of non-polar conmponents in wnter conpared to summer.

Broman et al. (1988) found that the concentration of conbustion products
adsorbed on suspended matter in the Stockhol m archipelago is higher in
the winter-spring period than during the summrer due to increased
em ssions and nore extensive washout of |and-deposited PAH during the
nelting of snow. Hi gher WF val ues indicating a higher PHC pollution in
coastal areas, e.g. in the Bay of Gdansk (Law and Andrul ewicz 1982), the
@l f of Finland (Tervo 1980), the coastal area of GDR (Rohde and
Briigmann 1983) and the Kattegat area (Jorgensen et al. 1985), have to be
verified by nore detailed investigations. Nevertheless, corresponding
investigations in sediments (Law and Andrulewi cz 1982, G anby 1987),
bi val ve nol |l uscs and seston (Broman et al. 1985, 1988) confirmthe rapid
decrease of PHC contamination from coastal, especially urbanized areas,
towards open waters.
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Table 3. Comparison of the mean concentration ranges of PHC (UV-F
values) in seawater from different sea areas, before and
after correction by subtraction of the polar
(non-hydrocarbon) fraction.

Sea area concentration polar fraction corrected conc.
range Mg/l % range Hg/1l

Elbe estuary 4-40 48 2-20

North Sea 0.4-3 67 0.12-1

Baltic Sea 1-4 90 0.1-0.4

Atlantic Ocean 0.1-0.3 52 0.05-0.15

These examples show, that the PHC screening by UV-F is worthwhile, but
that conclusions drawn from 1isolated W-F values, neglecting their
relative character, must be wrong. The comparison of the mean ranges of
W-F wvalues from different sea areas (Table 3 , from Thebbald 1988),
shows a somewhat higher range for the Baltic Sea than for the North Sea,
but indicates about a tenfold burden compared to the Atlantic Ocean. When
corrected by a subtraction of the polar part, the mean concentration
range for the Baltic is only about half of the mean range of the North
Sea and about twice of the mean range of the Atlantic Ocean. The
relationships have changed drastically due to the high contribution of
polar material to the fluorescence intensity in Baltic seawater. However,
even these relationships might be far from reality because of the
different compositions of the hydrocarbon mixtures in different sea
areas. Combustion products, however, dominate in nearly all samples from
all sea areas (DHI 1988).

Even less can be said about the variations of the PHC concentrations of
Baltic seawater with time, despite the presence of extensive collections
of W-Fdata from regular monitoring since the early 1980s. The figures
given by cCarlberg (1986), Poutanen (1988), Talvari et al. (1986), DHI
(1983 - 1989) all indicate only small variations over the years, without
any tendency - unfortunately, such a stagnancy over the last decade can
never be proved.

Latest results of seawater monitoring are given by the Deutsches
Hydrographisches Institut (DHI 1989). In 1987, the Baltic Proper was
investigated, 1in addition to the routine monitoring in the Belt Sea,
which is conducted once a year. The UV-F screening yielded very evenly
distributed values in the western Baltic as well as in the open waters
of the Baltic Proper (Figure 2). Therefore, samples from a few stations
(marked by arrows in Figure 2) were chosen, representing the 1inner bays
of Eckernférde and Liibeck as well as the open sea, and analysed in more
detail by means of GC/MS.
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Table 4. Concentrations of petroleum hydrocarbons (ng/l) in the
Baltic Sea (0S), the CGernan Bight (NS) and the El be nouth
(near surface val ues, August/ Septenber 1987). For |ocation
of Baltic Sea stations, see Fig. 2.

station No. S 701 os 706 o5 716 o8 715 os 11 0519 Elbe NS12 Ns 21 NS 23
n-C17 16,18 7,17 30,77 49 91,49 173 40,06 32,34 90,21 241,11
pristane 7,31 3,11 3,69 3,84 2,69 2,88 4,91 12,53 11,07 4,52
nC18 15,34 €.19 8,88 9,75 5,62 8,39 6,95 3,15 15,51 15,29
phytane 6,32 3,19 1,75 2,01 2,58 1,69 8,47 411 13,09 3,42
naphthalene 1,78 1,7 2,39 2,21 1,14 1,24 13,21 7,33 10,1 26,86
2-¥-naphth. 1,28 1,26 1,4 1.29 0,76 0,92 4,85 2,97 3,27 6,88
1-¥-naphth. 1,01 0,83, 1,17 1,04 0,51 0,65 2,79 1,79 2,09 4,82
acenaphthylene 0,08 0,11 0,11 0,21 0,06 0,07 0,71 0,11 ¢0,05 0,19
acenaphthene 0,25 0,38 0,38 0,51 0,21 0,28 1,22 0,26 <0,05 0,46
fluorene 0,46 [ 1,12 1,03 0,67 0,55 2,4 0,82 1,04 1,65
dibenzothiophene 0,19 0,38 0,31 0,28 0,28 0,22 1,59 1,01 1,31 0,61
phenenthrene 1,4 1,9 1,77 1,68 0,93 0,89 7,91 1,03 1,32 1,37
6-M-phenanthr. 0,39 0,28 0,28 0,28 0,19 0,16 1,46 0,17 0,1 0,27
4-M-phenanthr. 0,61 0,39 0,35 0,38 0,27 0,21 1,83 0,25 0,93 0,27
2-¥-phenanthr. 0,69 0,33 0.33 0,35 0,26 0,21 1,09 0,23 0,56 0,27
1-¥-phenanthr 0,51 o4 0,41 0,37 0,47 0,41 1,19 0,35 0,79 0,27
anthracene o.21 0,08 0,14 0,12 0,05 0,09 1,84 <0,05 <0,05  <¢0,05
fluoranthene 3,17 1,17 0,81 1,08 1,53 1,03 17,17 0,68 1,41 0,58
pyrene 1,68 0,65 0,36 0,51 0,43 0,29 16,37 0,42 0,96 0,27
benzo(a] anthracene 0,11 <0,05 <0,05  <0,05 0,11 0,08 4,84 0,05 0,12 <0,05
chrysene/triphenylene 0,24 0,12 0,09 0,09 0,16 0,12 9,29 0,11 0,09 0,06
benzo(b] flucranthene 0,26 0,09 0,12 0.08 0,16 0,11 13,59 0,16 0,15 0.07
benzo [k] fluoranthene 0,05 <¢0,05 <¢0,05 <¢0,05 <0,05 0,05 <0,05 <0,05 <0,05 <0,05
benzo[e] pyrene 6,11 0,05 <0,05 <0,05 0,05 <0,05 6,62 <0,05 0,06 <0,05
benzo(a]pyrene 0,05 ¢0,05 <0,05 0,05 0,07 <0,05 6,96 0,05 0,16 <0,05
perylene 0,05 <0,05 <0,05 (0,06 <0,05 <¢0,05 3,28 0,06 <0,05  <0,05
indeno(1.2.3-c.d) pyrene 0,06 0,05 <0,05 <0,05 <0,05 <0,05 4,32 «©,05 0,05 <0,05
dibenzo(a.h]anthracene 0,05 <0,05 ¢0,05 <0,05 <0,05 <¢0,05 1,68 0,05 <0,05 <¢0,05
benzo[g.h.i]perylene 0,07 <0,05 0,05 <0,056 (0,05 <0,05 559 <0,05 0,05 <0,05

The results are given in Table 4, which also includes values from sone
stations in the river Elbe nmouth and the German Bight, for comnparison.

The predom nant concentrations of n-Cl7, which increase towards open
waters, clearly indicate its biogenic origin. It is one of the major
constituents of natural hydrocarbons and nminly produced by narine al gae
(Clark and Blumer 1967). Contamination is indicated by the presence of

a variety of aromatic conpounds, which concentrations range from about
3 ng/l to less than 0.05 ng/1, with a slight decrease to nore open
wat ers. Unsubstituted aromatics, li ke naphthal ene, phenant hr ene,

fluorant hene, pyrene etc. predom nate, which originate mainly from
conbustion processes. The values fromthe Baltic Sea are in nobst cases
simlar to those found in the German Bight, wth the mjor exception of
the El be nouth station, which shows about the tenfold concentrations. In
addi tion, higher concentrations of alkylated aromatics and hi gher boiling
conpounds in the river Elbe indicate an additional |oad of conpounds of
petrogenic origin.
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Petroleum hydrocarbons in particulate matter and sediments

Oowing to their relatively |ow aqueous solubility and hydrophobic
character, nost PHC entering the aquatic environment either are, or
readily becone, adsorbed to particulate matter in the water colum. Thus,
the transport and sedinentation of suspended matter is an inportant
mechani sm for the distribution and incorporation of PHC into the aquatic
ecosyst ens.

Due to the fact that the content of biogenic organic conpounds from
detritus or living organisms is often very high in particulate matter and
sedi ments, chenists involved in environnmental monitoring are aware that
the determination of PHC in these matrices requires special extraction,

clean up, separation, and identification techniques. A sinple screening
techni que, such as W-F, is not appropriate.

Broman et al. (1988) studied the spatial and tenporal distribution of 18
PAH conpounds in the Stockhol m archi pel ago by means of seston sanpl es,
whi ch had been col | ected by sedinent traps. PAH concentrations and fluxes
exhibited a steep logarithmc decline with distance from urban areas.
These results confirmthe heavy inpact on the bottom deposits in urban
areas. PAH concentrations and fluxes were higher during the winter-spring
period than during the sunmmer due to increased enissions and nore
extensi ve washout during the nmelting of snow. Granby (1987) neasured
saturated hydrocarbons (p-n-hydrocarbons) in sedinent sanples from 16
stations around Denmark. The highest contaminant |oad (1342 mg/kg dry
wei ght) was found at a station near Copenhagen. Hi gher contents in
sanples fromstations with no direct pollution sources could be explained
by higher sedinentation rates and a higher content of organic naterial
including biogenic saturated hydrocarbons.

Mattson and Lehtinen (1985, 1987) found "increased |evels of petrol eum
hydrocarbons in the surface sedinents of Swedish coastal waters". 61 of
the sedinment stations investigated by Rudling (1976) in 197411979 had
been re-visited in 1982. The levels of p-n-hydrocarbons showed a
statistically significant increase from199 to 252 ug/g dry weight. The
mai n increase could be found in coastal areas where the main pollution
sources are situated. The authors calculated a yearly increase of
p- n- hydrocarbons in surface sedinents of 8700 t in the area investigated.
Thus, a first indication of an increase of PHC pollution in the Baltic
Sea is given, which could be the result of the permanent deposition of
PHC, mainly fromurban run-off on the one hand, and |ow degradation rates
due to low water tenperatures and |arge areas of oxygen deficiency on the
ot her hand.

Pout anen (1988) investigated sediments in nore open areas of the Baltic.
No clearly oil contamnated bottom sedinents could be found. The
conposition of the background content of PAH (0.5 -7 wug/g dry weight)
indicated the atnospheric input as the nain source in these areas.
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Pet rol eum hydrocarbons in bivalve nolluscs

Marine organisns as nonitoring objects have the advantage over seawater
and sedinents that at the same tine one obtains an assessnent of the
bi oavailability of contami nants. In addition, in some cases it will be
possible to interpret the effects of the contamination by assessing the
heal th conditions of the organisns. The mussel, as a stationary organi sm
is a suitable choice to measure local contanmination loads. It accunul ates
organic contam nants relative to the concentration in seawater. By
filtering large quantities of seawater, its exposure to soluble and
particle associated toxic substances is high.

Granby (1987) used bival ve nussel s as biological indicators of the PHC
contami nation along the Danish coastline of the Baltic. The highest

| evel s of saturated hydrocarbons (p-n-hydrocarbons) and 15 selected PAH
were found in nussels from Charlottenl und near Copenhagen, in the
Kattegat of f the Linfjord and at Renne, Bornholm (108 to 39 mgPHC/kg wet

weight; 36 to 111 ugpaH/kg wet weight). The high contents at these
| ocations could be connected to |ocal sources, such as |large effluents
fromwaste water or high shipping traffic. In addition, nussels from
these stations showed a lower |ipid content and a poorer health condition
than nussels from open waters. Sanples collected far away from | ocal

sources showed background |evels of PAH, which mainly originated from
at mospheric input.

These findings are in good correlation with the results achieved by
Broman and Ganning (1985). By investigating nussels from 23 different
| ocations in the Stockhol m archipelago the authors could find a gradient
in PHC contanination fromthe inner archipelago zone, near the urbanized
area, to open waters (saturated fraction: 87 - 5.6 ug/g wet weight;

aromatic fraction: 28.2 - 2,9 ug/g wet weight). Diffuse, continuous
di scharges from nultiple sources, e.g. municipal wastewater, |ake and
river outflow, run-off from urban areas, industries, harbours etc., were
assuned to be the cause of this gradient. By using a distinct

bi oconcentration factor, the authors assessed the concentration of PHC
in the water. The values fall within the ranges of 20 to 3 ug/1
(p-n-fraction) and 9 to 1 pg/1 (aromatic fraction).

9.2.5 Ol spills

Exchange of information on spills of oil and other harnful substances
inthe Baltic Sea Area is the task of the Conmbatting Committee (CC) of
the Hel sinki Conmmission. It should be possible to prepare a conplete |ist
of all tanker accidents of the |last decade, including their [|ocations

types and amounts of spilled oil

Regular oil spill surveillance in the Baltic is just at the beginning.
A first attenpt has been made to fulfill part of the CC obligation
narmely to devel op and establish airborne surveillance with adequate
sensor systens for the detection of violations of the discharge
provi sions. Accordingly, the evaluation of surveillance statistics is not
yet completed. A draft summary of national oil spillage reports from 1988
will be presented at the CC neeting in autum 1990.
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9.3 PESTICIDES
H. Gaul2

Pesticides are used for the protection of agricultural and forestry
production in order to conbat pests. [Insecticides, fungicides, and
herbicides serve this purpose. These deliberately designed toxic
substances reach the Baltic Sea via rivers and fromthe atnosphere.

Even with orderly use of these substances on land the input into the sea
can cause disturbances in the food web there, and can affect the use of
the sea as a source of food for man.

DDT provides an exanple of these effects, the use of which led to a
decline in nunmbers in fish-eating sea birds, and resulted in a ban on the
marketing of cod livers fromBaltic Sea catches in several countries some
years ago.

The alarming effects of DDT were caused by the conbined effects of four
factors:

1) the toxicity of the substance
2) high persistence

3) high biological enrichment

4) the considerable amunts used.

Al'l pesticides are deliberately designed to be toxic. The other
characteristics are no longer general for the entire class of substances.
However, to different extent they apply to the chlorinated hydrocarbons,
for exanple: DDT, Lindane ( -HcHj, Dieldrin, Chlordane, Heptachlor
Mrex, and the substance mxture of chlorinated canphenes (Toxaphene).

As a neasure of the stability (persistence) of a substance, the tinme is
investigated up to which half of the substance has decayed under nornal
| aboratory conditions (this neans in the presence of water, oxygen,
light, moderate tenperatures and nicrobiological decay). These half-lives
(t%) are about 7 years for DDT, about 2 years for Lindane, for Chlordane
and Dieldrin less than one year; for other pesticides they are even | ower
(Tabl e 5).

The extent of the enrichment of a substance in biological material
cal cul ated from the concentrations in the surrounding water and the
concentrations in the tissues of the organism is given in the BCF val ue
(Biological Concentration Factor). As this value is dependent upon
various influences, it can have a considerable range of variability,
whi ch extends from 250,000 to 4,000,000 for DDT, and from 200 to 500 for
Li ndane. Table 5 contains enrichment factors as they accommpdate between
the surrounding water and commercially exploited types of fishes.

Pesticides with low half-life values can be enriched by organisns in |ow
level s only, because deconposition counteracts it. Substances with | ow
BCF val ues generally cannot be so highly enriched that they would cause
di sturbances in organisns.
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Table 5. Half lives (t%) and bioconcentration TfTactors (BCF) of
pesticides.
DDT 7a 250-4000x 10? 1
HCB 3-4a 3- 30x103 1
y-HCH 2a 200 - 500x10" 1
Dieldrin <1a 15- 60x10° 2
Chlordane <1a 10- 40x10° 1
Parathion-Ethyl 5d 5- 200 3
Malathion 1 -2d 4
Disulfoton i15d 3
Fention 25d 3
Methoxuron 20-30d 5
Linuron 1d 50 5
Atrazin <100d 1 6
Simazin 50-70d 1 6
24-D 200d 100 7
2,45-T 1 7
Trifluraline I h 40-4000 8

Source: Ecotoxicological Studies of the EEC
Directive 76/464 List | Substances

[E

: Portmann (79) (DDT, HCB, HCH’s, Heptachlor, Chlordane)
: Butijn (77) (Aldrin, Dieldrin, Endrin)

: Claus (85) (Parathion, Fention, Fenitrothion)

: ISPRA (83) (Malathion)

: Getti (85) (Linuron, Methoxuron)

: ESF (86) (Atrazin, Simazin)

: Micha (86) (2,4-D; 2,4,5-T)

: EXCLOSER (86) (Trifluraline)

o ~No O~ wN

UNEP (OCA)/MED WG

Table 6. The contamination of herring with organochlorine compounds
(1g/kg fat).

Area HCB a-HCH y-HCH OCS DDT DDE DDD PCB-52PCB-1 38 PCB-180
|
A 135 21.2 21.1 2.1 <05 399 <0.3 17.7 14.9 7.9
152 103 123 <4 0.7 1015 545 125 489 113
A: Shetlands Date: 06.88 Sample size: n=20 Fat: 7.12 %
B : Bornholm Date: 10.86 Sample size: n=20 Fat: 2.95 %

Reference: Kriiger & Kruse 1988
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Chl orinated hydrocarbon insecticides and fungicides have a dimnishing
significance in Europe; for the dangerous formulations there are
restrictions on use and, for some, total bans. In non-industrialized
tropical countries DDT is still in use because of its unsurpassed
cost-effective benefits against carriers of tropical diseases |ike
mal aria. Nevertheless, the world production of DDT has decreased from 90
kt in 1963 to about 30 kt in 1979 and in the EEC countries anounts today
to 7 kt/a only, 90 % for export.

Pesticides fromthe group of phosphoric acid esters and thiophosphoric
acid esters are also produced in smaller quantities than previously.
Substances |ike Parathion, Parathionnethyl, Mlathion, Disulfoton

Fention, for exanple belong to this group.

The advantage of |ower persistence with half-life values of a few days,
and the | esser accunul ation associated with it, is outweighed by the
hi gher toxicity for mammals (and the human utilizer).

I nsecticides on the basis of natural substances such as N cotine or
Pyret hrum conponents are |ess persistent and, in this respect, do not
represent a risk to the environment.

Ot her insecticides and herbicides based upon carbamates and urea
derivatives, such as Methoxuron or Linuron, have half-lives of a few
days only.

Her bi ci des are gaining increasing significance in agriculture. If they
are soluble in water in order to be taken up by the root systems, a high
bi oaccumul ation is not possible. The lipophilic Trifluraline is an
exception; this could be enriched if the short half-l1ife of only one hour
does not hinder it.

W have reason to assune that the short half-lives of the pesticides
mai nly enployed at the present time prevent a risk from extending beyond
river nmouths into the open Baltic Sea (Niemirycz et al 1988, Cyberska et
al. 1988, Zelechowska et al'1988).

W can proceed upon the assunption that the only organic contam nants
that represent a threat to the entire Baltic Sea are those which have a
hi gh bioaccumul ation potential and, as prerequisite thereto, possess
consi derabl e persistence. This applies only to certain chlorinated
hydrocarbons, to which the following statements are confined for that
reason.

9.3.1 DDT
Vat er

Intercalibration exercises on anal yses of DDT and other organochlorine
conpounds in water have been unsuccessful in the past. There are no
agreed methods for this type of investigation. Since 1975, reports have
been given about analysis of DDT in sea water applying various nethods.
A conprehensive list of results up to 1981 were presented at the 13th
Conference of the Baltic Cceanographers (Mbhnke et al. 1982). These data
were based upon gas chromatography using packed colums, an insufficient
met hod for trace analysis in water.
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The results are sonetines contradictory and any conclusions with regard
to spatial or temporal trends can be deduced to a linmted extent only
(Briigmann et al. 1989).

I nvestigations using gas chromatography with capillary colums in 1983
reveal ed quantifiable concentrations of DDT in water of the western
Baltic Proper and the Belt Sea (Fig. 3). These results were confirned by
a corresponding increase of the DDT residues in biota. Since then, the
concentration in water has again fallen below the quantification limt
(Gaul 1987, Gaul 1990).

Bi ot a

Intercalibration exercises on analyses of DDT and its nmetabolites in
bi ota were nore successful than those in water because the concentrations
to be neasured are nuch higher due to bioaccunulation. If |evels of
residues in the same species, age class, and sex are conpared in
different regions of the Baltic, it should be possible to identify "hot
spots" of pollution. Herring is available in all parts of the Baltic Sea
and was therefore chosen to be an obligatory species to be sanpled in
Baltic Mnitoring Programme (Fig. 4).

Though the residues in herring fromthe Baltic Proper are higher than
those in the Kattegat or the Bothnian Bay, these differences between the
average nean values are snall if the variability of the data in single
specimens in one year and age class is taken into account (Fig. 5).

The | evel s have not changed nuch since 1980, with the exception of the
mentioned increase between 1983 to 1985 in the western Baltic and the
Belt Sea (Fig. 5). This was due to the wi despread application of DDT in
forestry in one of the Baltic states. Since then, the concentrations have
returned to their previous levels (Qdsjd & O sson 1989, Haahti & Perttila
1988, | CES 1988b).

From the very even distribution of the DDT residues in herring, we can
conclude that the main source of input of DDT into the Baltic Sea is the
atnosphere. This suspicion is confirnmed by the Iack of indications of any
relevant local inputs after nost Baltic states had banned the use of DDT.
The DDT concentrations in herring decreased by 90 & within 10 years. This
is well docunented for the southern Baltic Proper by O sson et al
(1984). This decrease is confirned, e.g., by a corresponding decline in
human breast milk in Estonia (Roots 1986) and Sweden (Norén 1988).

Mamal s

The final links in the marine food web in the Baltic Sea are - apart from
fish-eating sea birds - the seals and the common porpoise. They all can
accunul ate consi derabl e burdens of Iipophilic conmpounds such as DDT as
the final integrators of narine contamnation. For these migrating
animals, regional conparison is allowed on a very |large scale only
because the place where they were taken may not represent their norna
pl ace of residence.
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Figure 3. DDT-concentrations in water of the Baltic Sea in 1983.
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However, there is too few available data to draw firm conclusions and
often the normalising parameters as regards age, sex, or fat content are
not reported. The ICES Working Group on Seals in the Baltic hopefully can
give clarification on the specific burden of marine mammals in the Baltic
compared with other sea areas.

9.3.2 HCHs

At present, Lindane (V~hexachlorocyclohexane (p-HCH)) can be detected in
water of the entire Baltic Sea. Compared to DDT, it has the advantage of
lower persistence (half-life: 2 years) and lower bioaccumulation (BCF:
200 to 500). It has been suggested as a tracer for large-scale
hydrographic processes, e.g. the water exchange in the Kattegat (Briigmann
et al. 1985).

In addition to Lindane, the isomers a-HCH and B-HCH are found, which do
not possess insecticidal properties. They originate from the time when
technical HCH *) was used as an insecticide, and are still transported
via the atmosphere from sources fTar away.

Since the Baltic Sea states discontinued the use of technical HCH between
1970 and 1980, a decline iIn 1its main component, a-HCH, has been
ascertained (Figs. 6-7). This trend is clearly visible in a time series
taken in the Arkona Basin (Gaul 1989).

The very even distribution of the HCH isomers which were ascertained in
a close-mesh measurement network in 1983 (Gaul 1984) and 1987 (Gaul
1989), could be essentially confirmed in 1988. In the case of a-HCH, a
decline was recognisable that was already clear in the time series (Fig.
8); for Lindane, a decline was is indicated in the conspicuous shifting
of the 2.0 and 3.0 isopleths (Fig. 9); however, a confirmation of this
development must still be awaited.

The concentrations of HCH isomers measured in the water represent no
danger fTor the marine ecosystem according to the present state of
knowledge, but they are indicators of an anthropogenic contamination of
the Baltic Sea which would be avoidable if rapidly decomposing pesticides
were used exclusively. In accordance with the low BCF values, the
concentrations of HCH residues in biota are generally low (Tab. 6).

*) Composition of technical HCH:
60 to 70 % a-HCH 7 % &-HCH
7 to 10 % R-HCH 2 % e-HCH

14 to 15 % T-HCH
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Figure 6. Concentrations of HcHs in surface water of Kiel Bay (N 3).
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9.3.3 Chlorinated camphenes (PCC)

Chl ori nated canphene is used as a pesticide in countries around the
southern Baltic Sea. The commercial names of the products are: Toxaphene,
Strobane, Melipax, or Phenacide. They represent conplex m xtures of
substances with up to 8,500 individual conponents. They el ute together
with the pcBe during gas chromatographic investigations if they are not
separated beforehand by sophisticated methods.

PCC residues in organisnms can amount to up to 10 % of the respective
amount of pcBs, and thereby are in the same order of nagnitude as DDT.
However, the regional differences between the Kattegat and the central
Baltic Sea are |ess pronounced than is the case with DDT (Bernes 1988)
due to the fact that the input of pccs into the Baltic Sea by atnospheric
deposition is conmparable to, or even larger than, the input by run-off
fromland. This leads to the striking result that PCC | evels in seals and
marine birds from Spitzbergen are alnost equal to those in the
corresponding biota in the Baltic Sea, though the DDT and PCB
concentrations differ considerably (Andersson et al. 1988c). The
quantitative determnation is nmade difficult because the PCC pattern is
changed by decayi ng processes conpared with the initial mxture (Zell &
Bal | schmiter 1980).

PCC residue concentrations in fish fromthe Baltic Sea are higher than
those of DDT; in the case of seals and sea gulls, the ratio is reversed,
which is indicative of a faster metabolismof PCC in warm bl ooded animals
(Wdequist et al. 1984).

From the example of PCC, it is clear that substances should not be
deliberately discharged into the environnent if an adequate possibility
does not exist to assess their distribution with justifiable analytical
expense. Such an assessment, for nobre than 8,000 conponents as in the
case of pccs, cannot be carried out.

9.3.4 O her chlorinated pesticides

O the rest of the chlorinated pesticides nentioned, - Deldrin,
Chl ordane, Heptachlor, and Mrex, concentrations were found in water
whi ch were below or only slightly above the limts of detection of the
met hod used. Their occurrence in organisns is reported occasionally, but
their quantities do not exceed 10 % of the £ DDT concentration.
Substantiated indications of negative effects upon the organisms in the
Baltic Sea are not available (Bernes 1988).

9.3.5 Sedi ment s

Many substances are adsorbed onto fine grained organic detritus, are then
transported to sedinentation areas and there trapped in marine sedinents.
For organi ¢ conpounds under aerobic conditions, mcrobial decay takes
pl ace. Under anoxic conditions, chenical changes may occur (e.g. DDT to
DDD), however, a conplete mineralization is extrenely slow.
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In order to conpare the toxic substance concentrations measured in
different types of sediment, a normalization to the content of organic
carbon (TOC) in the sediment is necessary (Andrulewi cz et al. 1979, Lohse
1988). This normalisation of the data has not been done thus far
Moreover, the conparability of the data has not been ensured because an
i nterconpari son of analyses has not yet taken place. The concentrations
reported thus far (pPerttild & Haahti 1986) for |ipophilic substances in
the sediments are several nagnitudes higher than those in water. However,
in the evaluation one must take into account that the bioavailability of
material adsorbed in the sediment is several orders of magnitude smaller
than conpared with substances dissolved in water (Neff 1984).

9.4 PCBs AND "NEW CONTAMINANTS'!
0. Svanberg1 and M dsson

The group of pollutants covered by the term "New contam nants” in this
report includes those conpounds listed as "New contaminants" in docunent
WES 6/5 of the Ad hoc Wrking Group on Criteria and Standards for
Di scharges of Harnful Substances into the Baltic Sea (Baltic Mrine
Envi ronnent Protection Comm ssion - Hel sinki Conm ssion 1983), the "ol d"
pol ychl ori nated bi phenyls (pcBg) and sonme additional conpounds nore
recently discovered as potentially harnful. It has been found appropriate
to separate this group of contami nants from pesticides intentionally
released in the environnment when used for pest control. The "New
contani nants" covered below are?

pol ybrom nated bi phenyl s (pBBs)

pol ybrom nated di phenyl et hers (PBDEs)

pol ychl orinated terphenyls (PcTs)

pol ychl ori nated napht hal enes (PcNs)

pol ychl orinated paraffins (cps)

pol ychl ori nated benzenes (pcBz)

pol ychl ori nated phenolic conpounds (pcPs)

pol ychl ori nated di benzo-p-di oxi ns (PcDDs)

pol ychl ori nated di benzofurans (PCDFs)

phthalic acid esters (PaEs)

nonyl phenol s (NPps)

hal ogenated organic material analysed as total organic bound
chlorine (Tocl), extractable organic bound chlorine (Bocl) or
adsor babl e organi c bound hal ogen (nox).

Organo-tin pollution of the sea originating from the use as an
antifouling agent is discussed in Chapter 8 "Trace Elenments".

O the |listed contam nants above only pcBs are obligatory in the second
stage of Baltic Mnitoring Programre.

There are several additional candidates of potential contaminants to be
covered by this report but on which no reliable data on the occurrence
in the environment exist. It is therefore a recommendation to consider
these in the future search for environnental contaminants to be
considered for regular nonitoring. Exanples of this are
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pol ychl orinated thiophenes
pol ychlorinated diphenyl et hers
modi fied resin acids.

9.4.1 Pol ychl orinated biphenyls

Pol ychl orinated biphenyls (pcBs) belong to the group of persistent
bi oaccunul ating pollutants which have seriously contaminated Baltic
waters. They were nainly used in industrial products and even if their
use has been banned or strictly regulated since the beginning or niddle
part of the 19708, their presence in various products still in use
inplies that |eakage to the environnent still occurs. This stresses the
i mportance of trend nonitoring studies.

Baseline and monitoring studies

A nunmber of national reports concerning changes over tinme in
concentrations of PCB in various organi sns have been presented during
recent years. Wen conparing data fromdifferent localities and years,
it is inmportant to know as many paraneters as possible which explain the

variation found in a sanple. Pperttild et al. (1982) have found an age
dependence of organochlorines in Baltic herring. This has earlier been
found by Jensen et al. (1972) in Baltic herring. In a recent report,

di oxi ns al so show an age dependence (Bergqvist et al. 1989b). This
confirms the inportance of selecting specinens of simlar age for trend
monitoring studies.

Trend monitoring

Some reports concerning changes in levels over time covering a period of
more than a few years have been presented. Haahti and perttild (1988)
have studied one annual honogenate of 20 herrings collected in autum
fromfour localities along the Finnish coast during the period 1979-1986
and an unknown nunber of individual cod livers collected annually in
autumm during the period 1980-1985 fromtwo localities (Fig 4). Their
data show a decrease in PCB concentrations over time in all areas for
both species (Fig. 10).

PCB studies in Swedish waters conprise several different trend studies.
Al'l series have been analysed at the same |aboratory using the same
anal ytical procedure. This inplies that the data are conparable.

Herring have been collected in spring annually during the period
1970- 1987 at two | ocalities. The annual sanples consist of 20 individuals
(A sson and Reutergirdh 1986, (Qdsjij and O sson 1989). Herring has al so
been collected annually in autum at five localities and 20 specinens
have been analyzed individually. The series covers the period 1978-1986
(Qdsjij and Osson 1988). Finally, 10 eggs of guillenot have been anal yzed
annual |y during the period 1967-1987 (O sson and Reutergdrdh 1986, 0dsjid
and O sson 1989).

Cod liver has been sanpled annually in autum at two localities during
the period 1980-1986. The annual sanples consist of 20 specinens and they
have been analysed individually. Al sanpling localities are presented
in Figure 4.
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The series covering the |onger periods, e.g., spring sanples of herring
and guillenot eggs fromthe Baltic Proper, show significant decreases in
PCB concentrations over tine, nost of which occurred during the mddle
part of the 1970s (Fig. 11 and Fig. 12). The annual sanples collected in
spring in the southern Gulf of Bothnia do not show a significant decrease
(Fig. 13). Neither does the series of autum collected herring show any
significant change over tinme at the five localities during the
investigated time 1978-1986 (Fig. 14). The cod series might indicate a
slight decrease over tinme (Fig. 15) (Gdsjb and O sson 1988).

Fi nni sh scientists have investigated tissues from grey seals, consisting
of animals collected during their first year of life. The nmaterial
conprises 28 specinmens collected during the period 1981-1986. A trend
anal ysi s does not show any significant decrease in |evels of PCB (Stennan
et al. 1987). Unpublished nmaterial on 24 grey seals of 5-8 nonths age
col l ected during 1974-1976 and on 16 aninals of the sane age collected
in 1982-1986 have been anal ysed by Swedish scientists. The sanples were
collected in the @Qulf of Bothnia. The Swedish data revealed no
statistically significant difference in levels of PCB (Fig. 16) (d sson
and Reuterg&rdh, unpublished results, see also odsjé and O sson 1989).
I n aaditicn, 15 grey seals of the same age, but collected in the Baltic
Proper during the 1980s, were anal ysed. No difference in |evels between
the Gulf of Bothnia and the Baltic Proper was found during the 1980s.
G ey seals are known to mgrate between the Baltic Proper and the Gulf
of Bot hni a.

Perttild and Haahti (1986) have studied PCB |levels in sedinent sanples
collected in different areas in the GQulfs of Bothnia and Finland and in
the Baltic Proper. The levels are higher in the Gulf of Finland and the
Baltic Proper. The sediment cores were cut into 1 cmthick slices and
anal yses nornmally show increasing levels from deeper layers up to the
surface. The authors interpret the findings such that the sedinment |ayers
reflect the situation in the water mass at the time of deposition. In the
sample fromthe station in the Bothnian Bay, however, much higher |evels
were found in the intermediate layers 5 to 11 centinmeters deep. These
data seem anomal ous since the authors state that the sedinmentation rate
at this station is 1 cmper 8.3 years. This would inply a maxi mum
contam nation of the area 90-50 years ago, which cannot be true. Since
the DDT levels investigated in the same core do not increase in the
intermediate part of the core, bioturbation does not seemto be the
expl anati on.

In a study of human breast mlk in Sweden, wNorén (1987) found a decrease
in PCB | evels. The material covered the period between 1972 and 1985. The
val ues decreased from 1.05 to 0.60 upg/g lipid weight. It is not known to
what extent the decrease is caused by lower PCB levels in fish or to the
fact that Swedish authorities have given recommendations concerning the
diet during pregnancy, nost probably inplying a |owered fish intake anpbng
pregnant women
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Figure 10. Levels of PCB (lipid weight basis) in muscle of herring

annual |y collected in autum at the Finnish coast (from
Haahti & Perttild 1988).
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Figure 11. Levels of PCB in muscle (lipid weight basis) of herring
annually collected in spring from outer Karlskrona

archi pelago (Baltic Proper)
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Figure 12. Level s of PCB (lipid weight basis) in annual samples of
guillemot eggs annually collected from Stora Karlsé (Baltic
Proper).

20

Figure 13. Levels of PCB (lipid weight basis) in muscle of herring
annually collected in spring from Angskdrsklubb, southern
Bothnian Sea.
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Figure 15. Levels of PCB (lipid weight basis) in liver from cod

annually collected during autumn from the Central Baltic
(Gotland) and from the Kattegat (Fladen).
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Figure 16. Levels of PCB (lipid weight basis) in blubber from

yearlings, of grey seal, 3-8 months old, and with normal
weights. The samples were collected from the Gulf of
Bothnia and the Southern Baltic Proper during two periods.
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From avail able data, it is obvious that nost of the changes over time in
PCB | evels occurred during the 1970s. This decrease was probably caused
by the governmental bans on PCB in Europe. Assuming that the production
and any new uses of PCB have stopped, the only small changes during the
1980s found by Finnish investigators and the |ack of significant changes
found in Swedish waters might inply that products still in use continue
to leak PCB to the environment. If we want to inprove the conditions in
the environnent, the search for old sources and PCB contani nated products
have to be nore intensive and pcBs have to be destroyed under controlled
condi tions.

Spatial variation

The mean values of PCB for the entire period investigated at the five
sampling localities where herring have been collected during autum show
significant differences (Fig.17) (0dsjd and O sson 1988). The hi ghest
values are recorded in the northern part of the Baltic Proper, whereas
lower levels are found in the Bay of Bothnia and even |ower at the
Swedi sh west coast. It is interesting that cod liver fromthe Swedish
west coast have simlar levels to Baltic cod liver (Fig. 18).

Avai l abl e herring data fromthe Finnish investigation (Haahti and
Perttild 1988) show |l ower PCB levels in the samples fromthe Gulf of

Bothnia than in the sanples collected in the Gulf of Finland. The PCB
levels are slightly lower than the data obtained on the Swedish side.

Whether this is due to differences in the analytical procedure or
differences in the pollution burden between the western and eastern part
of the Qulf of Bothnia is not known. Both sanples consist of young
herring collected during autum.

PCB congeners

Recently, investigations have focused on the conposition of the
i ndi vi dual chl orobi phenyl (CB) congeners present in biota. The analytica

t echni que has inproved and the use of capillary colums have nmade it

possible to anal yze sone individual congeners. Wthin the PCB group, nuch
attention has been paid to coplanar nmolecules. Wthin this group, cBs
having simlarities in toxicity to dioxins are found. Depending on
structural differences between the various congeners, different cBs night
bi oaccunul ate and netabolize at different rates. In particular, coplanar
mol ecules mght differ from others

Baltic herring nuscle and cod |iver have been anal yzed for some of the
di fferent PCB congeners by Haahti and perttild (1988) and Roots (1989).

The relative proportion of cBs analysed in these two studies are in good
agreenent. This nmight indicate that there is no obvious variation in the
pattern of the CB congeners studied in different Baltic areas as long as
the same species is concerned. Haahti and perttilid have studi ed one
herring sanple fromthe Qulf of Bothnia and one cod liver sanple fromthe
Baltic Proper. Roots has studied three sanples of herring fromthe Gulf
of Finland and the Baltic Proper. A conparison between the CB patterns
for the herring sanple fromthe @Qulf of Bothnia and a cod |liver sanple
fromthe Baltic Proper mght indicate a ninor species or organ
difference
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Figure 17. Mean levels of PCB (lipid weight basis) for the period

1978-1988 in herring collected in autum at five different
sites.
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Figure 18. Mean levels of PCB (lipid weight basis) for the period

1978-1988 in cod collected in autum in the Baltic Proper
(Gotland) and in the Kattegat (Fladen).
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Level s of coplanar CB congeners in Baltic biota (salnon, white tailed sea
eagl e) have been presented in several reports (Tarhanen et al. 1988
Koi stinen et al. 1989, Paasivirta et al. 1989). The copl anar CB congeners
are known to induce liver enzymes in a way sinmilar to dioxins and
di benzofurans. This inplies that their toxicity can be expressed in so
call ed TCDD equi val ents (see al so sub-chaper 9.49). Tarhanen et al.
(1988) found that the presence of coplanar ¢Bs contributed nore to the
presence of TCDD-equivalents in Baltic sea eagles than TCDD
(tetrachl orodi oxi ns) and ot her dioxins and di benzofurans thensel ves.

Effects on mammals

In recent literature, PCB induced effects on Baltic organisms have nostly
dealt with effects on manmals. A disease conpl ex nost probably occasi oned
by a primary lesion on the adrenal cortex (adrenocortical hyperplasia)
causi ng secondary lesions in various other organs has been reported anong
Baltic seals . The pathol ogi cal changes found in the animals were skin
lesions, digital |esions, periodontitis, severe bone erosions of the
jaws, regional intestinal ulcers, arteriosclerosis, adrenocortica
hyperplasia, renal glonmerulopathy, renal tubular hyperplasia, uterine
occlusions and |eionyona. Reproduction was inpaired.' Organochlorines and
especially pcBs were believed to be the primary cause of the disease
conpl ex (Bergman and O sson 1986 and 1989, Bergman et al. 1989, ICES
1988a) .

The population sizes of all three seal species, grey, conmon and ringed
seal, are today only a fraction of the size at the beginning of this
century (Al nkvist 1980, Durant and Harwood 1986, Helander 1989a,b, | CES
1984, 1987). The ringed seal population seens to have decreased since the
1970s (Helle 1986), but there is no indication of a further decrease in
the entire Baltic grey seal population during the last 12 years (Hel ander
1989a,b). There are, however, regional differences so that the nunber of
grey seals in the Gulf of Bothnia seens to have increased slightly and
the nunber in Baltic Proper seems to have decreased

Hell e and Stenman (1987) reported signs of an increased reproductive rate
during the 1980s anong ringed seals in the GQulf of Bothnia. The signs
seem encouragi ng, but so far no increase of the popul ation has been seen
(H&rkdnen & Hei di - Jorgensen 1989a).

The epizootic caused by PDV (Phocine Distenper Virus) during sunmer 1988
i nduced a 60% nortality of the conmon seal popul ations in Skagerrak

Kat t egat and sout hwestern part of the Baltic (Hirkdnen and
Heide-Jorgensen 1989b, Helander 1989b). So far there are no evidence
associ ating environmental contamination with the epizootic even though
it cannot be excluded that a decreased inmune defense caused by pollution
m ght have given the epizootic disease a nore severe course (ICES 1989).
There are no indications today that seals in kategat and Skagerrak have
a |lowered inmune defense, but this has not been carefully investigated

The Baltic otter population has al nbst disappeared during the |ast
decades. As in the case of the seals, this happened during a period when
t he organochl ori nes becane a severe environmental problem Since there
are no otters left to be investigated in Baltic archipel agoes, the cause
of the popul ation decrease cannot be investigated. It is, however, known
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that otters collected in Swedish fresh waters have had high |levels of PCB
(Sandegren et al. 1980). The levels are as high as those that cause
reproductive inmpairment in laboratory investigations on mnk. Sone few
otters collected in Swedish archipel agoes during the end of the 1960s and
begi nning of the 1970s al so had very high PCB levels (O sson et al.
1981). In all Sweden, the otter population has decreased severely during
the | ast decades. The present otter populations in fresh waters of
southern Sweden seem only to have survived in some few highly
eutrophicated waters (O sson and Sandegren 1989a,b). In northern Sweden
a simlar pattern is also seen and otters are nostly found in areas with
high ground quality with regard to nutrients and in areas downstream of
wat er sewage plants (O sson et al. 1989). The high PCB levels found also
in otters fromrenote areas in Sweden far away from | ocal PCB discharges
and the present distribution pattern for the surviving otter popul ations
indicate that eutrophication in water has had a positive effect on fish
consunmers. The inplication of eutrophication on |levels of bioaccunulating
substances is also discussed in the introduction to Chapter 9.

9.4.2 Pol ybrom nated bi phenyl s

Pol ybrom nated bi phenyl s (pBBs) are used as flame retardants. They are
persistent and bioaccumulating conpounds. The toxic properties are
simlar to those of PcBs.

Environnental |evels

Level s of PBB in seals and guillenpts collected fromthe Baltic Sea are
two to five tines higher than in the same species fromthe North Sea and
fromthe Arctic OCcean (Jansson et al. 1987). Values reported for conmon
seal, guillemt and sea eagle fromthe Baltic were 20, 160 and 280 ng/g
lipid, respectively.

9.4.3 Pol ybrom nated di phenyl ethers

Pol ybromi nated di phenyl ethers (PBDEs) are used as flane retardants. They
are distributed in the environment fromtreated products and fromtheir
use in textile industry.

Environnental |evels

Jansson et al. (1987) report levels in common seal, guillenmdt and sea
eagle at 90, 370 and 350 ng/g |ipid.

Recent studies on stratified sedinent fromthe Bornhol marea show PBDE
I evel s which indicate an increase by up to 20 tines during the |ast
decades (sellstrdm et al. 1989). The sediment PCB levels during the sane
period are fairly unchanged
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9.4.4 Polychlorinated terphenyls

Polychlorinated terphenyls (PCTs) have been industrially produced and
used for the same purposes as PcBs. The global distribution indicates
| ong-range transport by air. There are several thousands of theoretically
possi bl e congeners, making up a very conplex mixture in the technical
product .

Environmental levels

No data have been found reported after the findings in late 1970s of PCT
in Baltic Sea mammal s and birds and referred to in the first periodic
assessment (Slaczka et al. 1987).

These findings were based on the nethod of perchlorination and anal ysis
wi th gas chromatography on packed colums, both not very reliable from
the present state of know edge. The scientific comunity is requested to
confirm the previous findings by nmore reliable methods.

9.4.5 Polychlorinated naphthalenes

Pol ychl ori nated naphthal enes (pcNs) as a technical product are used as
a flame retardant, as insulating material in capacitors and as a biocide
e.g., in wood preservatives. The world production is considered to be
decreasing. PcNs are also unintentionally formed in incineration
processes and in the production of magnesium

The use and release pattern into the environment resembles that of PCBs
and PcNs are al so regarded as a gl obal pollutant.

PCN is only slowy degraded in the environnent and is bioaccunul ating.

Toxicity increases with increasing nunber of chlorine atons in the
mol ecul e

Environmental levels

Only a few studies on PCN levels in environmental sanples have been
reported and the small nunmber of sanples and speci mens anal ysed naeke the
results only indicative

A brief survey (Jansson et al. 1984) on organisms fromdifferent parts
of Sweden show PCN | evel s between 3 and 62 ng/g (lipid basis). The |owest
value was found in char froma "clean" mountain |ake, while the highest

value was fromliver of cod caught in the outer Stockhol m archipel ago.

Freshwater' pi ke, Baltic salnmon, white-tailed eagle and grey seal all show
internediate |evels.

Tarhanen et al. (1988) report sonewhat higher levels in Baltic salnon (70
ng/g) and in white-tailed eagle (200 ng/g).

One specific component of the conplex mxture in the technical product
is retained in organi sms (Aasplund et al. 1986), which explains the
pecul i ar chronat ographic peak pattern seen from environnmental sanples.
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9.4.6 Chlorinated paraffinr

Polychlorinated paraffins (cps) al so naned polychlorinated al kanes (Pcas)
constitute a mxture of a |large nunber of congeners. The carbon chain
length varies between 10 and 30 and the degree of chlorination varies
from40 to 70% For a review, see Svanberg (1983)

cps are used mainly as flame retardants, plasticisers and as additives
in cutting and drilling fluids used in metal works.

Experinental studies have revealed that cps bioaccunulate in fish and
that for certain types of cps the elinmnation rate fromfish is extrenely
sl ow.

The acute toxicity to mammals and fish is | ow, but small-sized
crustaceans are acutely affected at ng/g levels in the surrounding water.
Long term exposure of fish causes signs of reversible neuro-toxic
ef fects.

Levels in the environment

Due to analytical difficulties, there are few investigations of cPs in
the narine environment reported.

Wdeqvist et al. (1989), in a conparative study of ces in biological
sanpl es, discovered a distribution pattern in the environment quite
different fromthat of ecBs. The highest concentrations were found in
rabbit and noose from southern Sweden (3 and 4.5 ng cp/kg extractable
lipid respectively) and lower levels in grey seal fromthe Baltic and in
osprey (less than 1 ng/kg). Herring fromthe Bothnian Sea, fromthe
Baltic Proper and fromthe Skagerrak all have rather simlar |evels, at
-2 mg/kg. The lowest levels were found in reindeer from northern Sweden
and ringed seal from Spitzbergen.

9.4.7 Polychlorinated benzenes

Hexachl or obenzene (HCB) and other chlorinated benzenes (cBz) are
unintentionally fornmed in several industrial processes, e.g. magnesium
production, chlorine gas production from sea water, production of
chlorinated solvents. HCB is also formed in waste incineration. The use
of HCB as a fungicide starting during the 1940s ceased in the western
countries around 1975.

Due to the high volatility, the emtted product is to a great extent
transported by air and thus globally distributed.

The chemical properties of HCB result in a poor degradation in the
envi ronnent .

The accunul ation of the chlorinated, benzenes in biota and sedi nent
increases with increasing degree of chlorination.

The acute toxicity of HCB is low, but long-term exposure to |ow
concentrations might give rise to sub-lethal responses in aquatic
or gani smns.
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A review and hazard assessment of HCB has been published recently
(Wacht nei ster & Ekelund 1989).

Environmental levels
Water

The levels of HCB in Baltic Sea water sanpled in Miy-June 1983 were 10-40
pg/l without any clear regional differences (Gaul 1984). In renote areas
of the North Sea, Gaul and Ziebarth (1983) reported around 20 pg/l while
Ernst (1986) recorded 30 pg/l fromthe outer parts of the German Bight
and 3 000 - 15 000 pg/1in the El be Estuary. This can be conpared with
val ues of 3-22 pg HCB/Ll in surface waters of the Atlantic COcean (Krédmer
and Ballschnmiter, 1988).

Sediment

The content of HCB in sedinments from El be estuary was in the range

15 - 40 ng/g dry wei ght (Ernst 1986), while in heavily contam nated areas
in Frierfjord in Norway, the corresponding values were 320 - 530 ng/g
(Bjerk & Brevik 1980).

Biota

The Baltic HCB contamnation is mrrored by levels in herring at ca 100
ng/g (lipid base) measured in 1989. This is about half of the levels seen
at the beginning of the decade. The corresponding levels in the North Sea
are about one tenth lower. Herring sanpled during the years 1981-1989
reveal ed a range of 50-430 ng/g (lipid base)depending on season, year and
sampling site. No significant trends in the |levels were observed after
1983 (Reutergdrdh, pers comm).

Al so Kriiger & Kruse (1989) report HCB levels in herring from the Bornhol m
area about ten times higher than in herring fromthe Shetlands (Table 6).

Perttild et al. (1982) in a study on age dependent HCB-levels in herring
found no such significant correlation. The levels in the fish sanples
(wet weight basis) varied between 0.56 and 1.75 ug/kg.

Sprat from the Polish fishing area of the Baltic Sea contained 13.4 ug
HCB/kg (wet weight) conpared to 1.1 ug/kg for cod, 5.9 for herring and
2.5 for flounder (Andrulewicz et al. 1988).

Anal yses of HCB in Mytilus and plaice liver from Dani sh waters show
generally low levels. The highest value for Mtilus, 0.74 ng/g (wet
wei ght), was obtained from Rdnne, Bornhol m (G anby 1987)

Sal non caught in the open sea of the Baltic Proper and Gulf of Bothnia
showed hi gher concentrations of HCB in extractable fat than sal non from
the Gulf of Finland (Vuorinen & Paasivirta 1988). Tenporal variations,

however, make a strict conparison difficult.

A pool ed sanple of blubber from grey seals collected in 1979-1985 in the
Baltic Sea contained around 200 ng/g HCB, thus, at the sane level as in
herring for the sane period (Reutergdrdh, pers comm).
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HCB in guillenot (uria aalge) eggs from Stora Karlsdé has decreased to a
steady level of 3-4 mg/kg (lipid base) after 1983 (Reutergdrdh, pers.
comm.), which is only a little lower than in this same bird species from
Sval bard (Edel stam et al. 1980)

9.4.8 Chl or ophenol s

Chl orophenols, due to general toxic properties affecting the energy
met abol i sm of the living cell, have been w dely used as fungicides. This
application is now restricted - in some countries banned, and the rel ease
into the environment is thus reduced

Chl or ophenol i ¢ compounds as amajorgroup are also formed and di scharged
from the chlorine bleaching process of pulp mlls. Formation results from
a reaction with lignin residues.

The relatively high persistence and tendency to bioaccunulate in
combi nation with the toxic properties of chlorophenols give rise to
environmental concern (Renberg 1981).

Biotic and abiotic factors determining the fate of discharged chlorinated
phenols in the aquatic environment have been studied by Xie et al
(1986). Phenols, guaiacols and catechols are transforned to veratrols and
anisols by bacterially mediated nmethylation (Neilson et al. 1989). These
metabolites are considered to be still nore resistant to further
degradation and the toxicity and potential for bioaccunmulation are higher
than the parent substances.

A tentative advanced envi ronnent hazard assessnent of 4,5,6-
trichl oroguiacol has been perforned by Neilson et al. (1989).

Em ssi ons
Di-, tri-, tetra- and penta-chlorophenols together with di-, tri- and
tetra-chl oroguai acol s and chl orocatechols are all identified in pulp mll
chl orine bleachery effluents (Xie et al. 1986). Chlorophenols and

chl oroguai acol s (10-30 g/ton pul p) and chlorocatechols/kinons (15-60
g/tonne pulp) are typically discharged from a bleached kraft pulp mll.
From an ordinary size plant, this corresponds to 7-20 kg per day of
chl or ophenol s and chl oroguai acol s, and 10-40 kg per day of
chl orocat echol s/ ki nons (Statens naturvdrdsverk 1987).

The t ot al di scharge of 4,5,6-trichloroguaiacol and 3,4,5-
trichl oroguai acol from Swedish kraft pulp mlls at the beginning of 1980s
has been estimted at 22-24 tonnes/year (Neilson et al. 1989). The major
part of this was emtted into the Baltic Sea, primarily into the northern
Qulf of Bothnia. Measures taken in the process have led to a rapid
decrease of the discharge and the yearly emtted anmount of these
conpounds at the end of 1980s can be estimated at |ess than 2 tonnes
(Neilson et al. 1989).
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Levels in the environment

Chloroguiacols have been detected in sediments in the Bothnian Sea in a
decreasing gradient up to 150 km from the coast (Kirkegaard & Renberg
1987). As pulp mill effluents are the only identified source of these
compounds, the Tfindings indicate a large scale dispersal of these
discharges.

The exposure of biota to these compounds is verified from analysis of
bile from perch caught in the pulp mill receiving waters. 3,4,5-
trichloroguaiacol and 4,5,6-trichloroguaiacol concentrations between 100
and 100 000 ng/g wet weight were found (S&derstrdm et al. 1988), which
calculated as bioconcentration factor (BCF) for fish bile correspond to
about 65 000.

Baltic salmon and brown trout collected in Finnish rivers were analyzed
for ten different chloro-phenols with 3,4~ dichlorocatechol as the main
component in concentrations 19-90 ng/g wet weight (Paasivirta et al.
1985).

Chloro-veratrols and chloro-anisoles have been detected in old fiber
deposits outside pulp mills and in invertebrates from long-term Baltic
Sea littoral model ecosystem experiments (Neilson et al. 1989).
Paasivirta et al. (1987) also report chloroveratroles in Baltic Sea
salmon at concentrations of 2-3 ng/g fresh weight.

9.4.9 Dioxins

Dioxins are used as a collective name for polychlorinated dibenzo-p-
dioxins (pPcDDs) and polychlorinated dibenzofurans (PCDFs). Some of the
total of 210 substances are extremely toxic. This, in combination with
persistency and bioaccumulation properties, give rise to environmental
concern.

In order to obtain a measure of the additive effect of the discrete
substances, each congener has been given a factor based on its enzyme
induction effect in relation to the most potent substance in this respect
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Hazard assessment of the
unintentional release of dioxins is difficult, among other things, due
to the extreme species variability in sensitivity.

Dioxins are found as contaminants in chemical products formed in
processes involving chlorine, e.g., in pesticides (phenoxyacids) and wood
preservatives (chlorophenols). They are also formed and emitted in waste
incinerators and metal smelters, in accidental fires in capacitors
containing PCB, etc. Dioxins released from different sources can, to a
certain extent, be distinguished by the "fingerprint'”, i.e., the pattern
of chromatographic peaks.
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Envi ronnmental |evels

The formation and rel ease of dioxins frompulp mll bleacheries is
illustrated by the study by Rappe et al. (1987). Sedinment |evels of
chlorinated di benzo-p-di oxi n8 and di benzof urans decreased in a pattern
simlar to that of guiacols fromthe pulp nmll towards the open sea. The
dom nating congener in the sedinent close to the plant was 2,3,7,8-TCDF.
Dioxins in perch fromthe receiving waters were found in concentrations
up to 19 pg/g fresh weight.

Dioxins, mainly particle bound, are transported by air and thus globally
distributed. The em ssion and transport on a nore narrow scale is
illustrated by a study on dioxins in settling particulate matter in the
St ockhol m ar chi pel ago and of fshore in the Aland Sea (Bronman et al. 1988).
The flux of dioxins by this mechanismindicated a rapid decline with
increasing distance fromthe citv, The estinaged flux at the offshore
station was 0.7 - 1.0 ng TCDD- equivalents/km“/month. [t could not be
established in this study the contribution to this flux by air deposition
as separated from a re-suspension mechanism but the major part was
considered to be a result of fallout. Al so, the congener profile changed
with increasing distance from the em ssion sources.

Dioxins are anal yzed and found present in recent as well as in deep ol der
sediments with 20 - 50 tines higher concentrations in the recent |ayers.
The toxic congeners of dioxins are present only in the recent sedi nment
(Statens naturvardsverk 1988).

Dioxin levels in herring hombgenates from the Southern Baltic Proper
representing a time series from 1976 to 1985, vary between 3 and 5 pg
TCDD-equival ents/g fish with a single extreme value of 14 pg/g in 1976.
It is not possible to see any tine trend fromthe limted number of
anal yses performed (Statens naturvardsverk 1988).

Anal ysis of mnuscle honbgenates of pike (Esoxlucius) collected during the
period 1969 - 1985 in two Swedish lakes, one in the north (Storvindeln)
and one in the south (Bolnmen) reveals no obvious tine trend (Statens
naturvdrdsverk 1988). The TcDpD- equivalents ranged from1l to 4 pg/g in
Bolmen and 0.3 - 1 pg/g in Storvindeln. The highest level in Bolmen was
found in 1969 (Statens naturvardsverk 1988).

Pool ed sanples of herring from the Swedi sh west coast contained |ower
| evel s of dioxins (1.8-3.4 pg TCDDeq/g wet weight) than samples from the
Baltic Sea (6.7-9-0 pg/g) (Bergqvist et al. 1989a). The congeners present
at the highest concentrations were 2,3,4,7,8~PecbF and 2,3,7,8-TCDF.
Level s of dioxins in cod were low and close to the limt of quantitation
(0.1-0.2 pg/g)

Levels in relatively few wild salmon analysed fromthe Baltic Sea were
generally 5-10 times higher than in herring (Rappe et al. 1989), nost
l'ikely as a consequence of higher lipid levels in salmon. The levels in
reared salnmon were about the sane as in herring. Vuorinen and Paasivirta
(1988) found no dioxins (detection limt 2 pg/g wet weight) in salnon
fromthe GQulf of Finland, while salmon fromthe Baltic Proper and from
the Qulf of Bothnia contained significant anounts
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Three muscle homogenates of guillemot (Vria aalge) from Stora Karlsd
collected in 1971, 1975 and 1979 show levels between 76, 17 and 17 pg
TCDD equivalents/g respectively, while samples of blubber fat from grey
seals contained 8 - 27 pg/g (Statens naturvdrdsverk 1988).

The dioxin levels in seals from different water areas around Scandinavia
including Spitzbergen are surprisingly similar (Bignert et al. 1989). No
significant age or sex differences in PCDD and PCDF levels could be
established. The levels in seal blubber were of the same magnitude as the
levels found in humans.

Analyses of human milk from 1972,. 1976, 1980 and 1984-85 {Norén 1987)
indicate a decreased load on the Swedish population reflecting decreasing
levels in the environment or possibly as a consequence of public
information about environmental pollutants in certain foodstuff.

9.4.10 Balogenated organic matter

A variety of halogenated substances are formed and released by human
activities. The introduction of halogen into an organic molecule usually
render it a higher degree of stability and resistance to chemical and
biological degradation. Halogenated man-made substances of various
origin are today found widely distributed in the environment thus giving
rise to special concern.

As a complement to the specific chemical analysis, development of
analytical methods for Tocl (total organic bound chlorine), EOC1
(extractable organic bound chlorine) and BAox (adsorbable organic
halogenated matter) has made possible studies on the significance of the
presence of synthetic halogenated material in the environment.

Special attention has in this respect been paid to the chlorine bleaching
process i n the wood pulp industry . Demonstration of specific chlorinated
substances and e.g. a0oX in water, sediment and biota outside pulp mills
indicates a large-scale pollution of the Baltic Sea caused by effluents
from the chlorine bleaching process (Sddergren 1989).

The total discharge of chlorinated organic matter measured as ROX from
the Swedish forest industry in 1988 was estimated at about 13 000 tonnes
(Betge 1989). Most of this reaches the Baltic Sea and especially the Gulf
of Bothnia.

Levels in water

Discharged effluents from bleached pulp mills have been traced in the
receiving water up to 10-15 km from the outlet (Abrahamsson & Xie 1983,
Xie et al. 1986, Jonsson et al. 1986). Since AoX also originates from
other sources, it is not possible to assess the influenced area very
precisely. Background levels, of hitherto unknown origin, increase from
north to south in the Baltic Sea area (Enell and Wennberg 1988):

Bothnian Bay 10 - 15 ug/1
Bothnian Sea ca 20 ug/l
Baltic Proper and Kattegat 40 - 50 ug/1



Levels in sediment

Local and regional gradients in surficial sedinment contamnination by
chlorine bleachery effluents have been established from EOC1 anal yses of
sanpl es taken outside pulp mlls. Very high concentrations of Eoci,
generally above 1 000 ug/g |G (loss on ignition) are found in the
sediment close to the nmills . This is 50 -~ 250 times higher than in areas
not exposed to |ocal discharges (Hdkaneson et al. 1988).

The Eocl levels in the Baltic sediment in areas w thout point sources
decrease fromnorth to south (sddergren 1989). The levels in renote |akes
and in estuaries with only municipal discharges wthout any particul ar
| ocal source of pollution were about 10 - 30 ug/g |G conpared to about
80 pg/1l in the central part of the Bothnian Sea and about 1800 ug/g close
to pulp mlls.

Specific chlorinated phenolic substances (e.g. guaiacols) and dibenzo-p-
di oxi ns/ di benzof urans were anal yzed in sedi nent sanples 150 kmfromthe
coast in the south central Bothnian Sea and in the northwestern Baltic
Proper (Rappe et al. 1987, Kirkegaard & Renberg 1987). Dibenzo-p-

di oxi ns/ di benzofurans al so emanate from ot her sources. Chlorinated
guai acol s however have never been shown to be discharged from sources
other than pulp bleacheries. These observations have been taken as
evidence of a large-scale pollution of the Baltic Sea frompulp mlls.

Levels in biota

Di scharged chlorinated substances are accumulated in organisns in the
receiving water (Sddergren 1989). The content of Eocl in nuscle of perch

Perca fluviatilis, fromthe receiving water of a kraft pulp mll showed
a decreasing gradient fromthe discharge point with the highest val ues
of about 400 ng EoCl/kg fat weight. However, the generally high
background level, even in inland |lakes in renpte areas in Sweden, of
about 120 ngy EocCl/kg in perch nake an evaluation of the size of the
i nfluenced area rather uncertain. A so snails, Lymnaea sp., accunulate
eEocl from bl eached pulp m |l discharges. The influenced area traced was
of about the same size as that for perch

At present, only about 5% of the total EOCl-load in fish frompulp mll
receiving water has been identified (Kirkegaard & Renberg 1988).

Biological effects

Conpr ehensi ve ecot oxi col ogi cal studies within the Swedish project
Envi ronnent/ Cel l ul ose were carried out on fish and bottom fauna in the
receiving water of a kraft pulp mll wth chlorine bleachery (sddergren
1989). The results fromthe field studies were supplenented by |aboratory
experiments with whole effluents as well as wth single chenical
components identified in the effluents

Detrimental effects of the discharge of bleached kraft m |l effluent were
docurmented on invertebrate and fish populations as well on individua
organi sms and organs.
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Physi ol ogi cal disturbances were observed in perch at all stations studied
with a successive decrease in response fromthe point discharge towards
the sea. Still, disturbed reproduction and increased susceptibility to
infections was indicated at a distance of 10 km from the discharge
(Andersson et al. 1988a,b, Larsson et al. 1988).

Al so pathol ogical changes in fish in the formof fin erosion and skeleta
def ormati on were associated with the discharge fromthe pulp mll
(Bengtsson 1988a,b, Bengtsson et al. 1988).

The recruitnent of fish was generally reduced in the receiving water of
the pulp mll. Species with pelagic |larvae such as herring were nost
sensitive to the effluent (Sandstrdm & Thoresson 1988, Sandstrdm et al

1988) .

Exposure of benthic crustaceans to effluents resulted in deformation of
enbryos and |ower hatching frequency and survival (Sundelin 1988).

In summary, the results of the coordinated biological and chem ca
i nvestigations on discharges of bleached kraft pulp mll effluents show
a graded influence on the receiving waters which was characterized as:

local inpact (O 10 kn) =~ occurrence and |evels of organochlorine
residues in biota

regional inpact (O SO km) - zoophysiol ogi cal and ecol ogi cal effects
| arge-scal e inpact - organochlorine levels in the water and sedi nent.

9.4.11 Pht hal at es

Pht hal ates (phthalic acid esters) are widely used as a plasticizer in PVC
plastics, in lubricants, in paints, etc. The annual world production is
very large and phthalates are quantitatively one of the dom nant
synthetic chenmical products in the world

The chemical properties of phthalates are varying and depend on the
characteristics of the chains - length etc. They are photochemcally
rather stable, but undergo hydrolysis to a certain extent and they tend
to bioaccumul ate

The acute toxicity is low, but sublethal effects are reported at
contam nant concentrations which are not unrealistically high

Envi ronnental |evels

Emtted phthalates are mainly distributed to the air, governed by
short-range and |ong-range transport (Thurén 1988)

Few anal yses of - significance for the Baltic Sea environment have been
reported. Sedinent |evels of di-2-ethylhexyl phthalate (DEHP) of 100 ng/g
at the highest have been found, wth corresponding values for
di butyl pht hal ate (DBP) of 60 ng/g. Seal bl ubber contained 0.7 - 10.6 ng
phthalates/kg extracted fat (Statens naturvardsverk 1987).
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9.4.12 Nonyl pheno

Nonyl phenol is an environmental contaminant present as a result of
degradation of nonyl phenol ethoxylates used as a |arge volune surfactant.
The annual usage of nonyl phenol ethoxylates in Wstern Gernmany was 18 500
tonnes (Huber 1985) and in Sweden 3 000 - 5 000 tonnes (G anno et al
1986). The discharge of nonyl phenol from Swedi sh sewage treatment plants
is calculated to be 100 - 1 000 tonnes per year.

Nonyl phenol is persistent, bioaccunmulating (Ekelund et al. 1989) and
highly toxic to aquatic organisns (e.g., Gannp et al. 1989).

There is no available information about concentrations of nonyl phenol in
natural waters. This is a shortconming as concentrations around 500
ug/litre in waste water from sewage treatnment plants have been reported
froma Swedish investigation (Ganno et al. 1986).

SUMMARY

Many ant hr opogeni ¢ organi ¢ conpounds are found in the water, sedinents
and biota of the Baltic Sea. This load is the sum of several sources;
riverine input, direct discharges, and airborne transport from sources
mainly in the northern hem sphere.

In general, the residues of organic contanminants in fish fromthe open
sea in the Baltic Area are higher than those fromthe central North Sea
or the Atlantic. These differences are partly due to the differences in
the receiving water volume and the rates of water exchange in the sea
areas mentioned, but may also reflect different amounts of inputs from
atmosphere, rivers and via direct discharges. The relatively |ow water
tenperature affecting the degradation rate nmight also be a factor of
rel evance.

Because of great analytical difficulties of neasuring many of the organic
pollutants in water, sedinent and biota, and due to the limted know edge
of biological and ecol ogical effects caused by persistent, bio-

accunul ating and toxic conpounds, it is not possible to performa hazard
assessment of the present total |oad of organic contaminants on the
Baltic Sea fauna and flora. Biological effects, however, seen as
mor phol ogi cal deformation and reproductive inpairment in seals, have been
correlated to the I oad of organic pollutants, in the first place pcBs.
Physi ol ogi cal effects, diseases and skeletal abnormalities are also
verified in coastal fish populations in areas polluted by industrial
di scharges including organochlorine conpounds.

It should also be stressed that changes of the biomass density in the sea
exert influence on the |evels of bioaccunul ating substances recorded in
biota. For a better evaluation of the causal factors of the distribution
level s and tenporal trends of organic contaminants this factor and its
variations over space and time nust be considered in the future

Emi ssion controls applied for sone well-known contami nants have reduced
their levels in the environment. However, despite actions they are stil
present in amounts which are not acceptable.
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There is a clear downward trend for DDT concentrations in the Baltic Sea
from the 19708 to the 1980s; however, the environmental levels, as
mirrored by comparable data from herring, are still higher than "in the
Skagerrak area. A small temporary increase in DDT concentrations in water
and biota in the southern Baltic Proper from 1983 to 1985 was evidently
a result of a temporary use of DDT for forest pest control in one
country.

Also for polychlorinated biphenyls (PCBs) there was a clear downward
trend in concentrations in biota from the 1970s to the 1980s and
concentrations now seem to have stabilized at a lower level. The downward
trend is most clearly visualised in the Baltic Proper. Comparable data
on herring, however, indicate that the PCB levels are still higher in the
Baltic than in the Skagerrak area.

Due to the ban on technical hexachlorocyclohexanes (HCHs), the Baltic Sea
water concentrations of a-HCH, the main component of, have dropped
considerably.

There 1is some concern about polychlorinated camphenes (PCCs) still in use
as a pesticide. The slow rate of degradation and the bioaccumulative
properties lead to PCC levels in the marine environment which are not
possible to determine adequately due to the complex composition of the
product. As a result, it is not possible to make a reasonable hazard
assessment on the present use of PCCs.

There is an evenly distributed background contamination of petroleum
hydrocarbons (PHC) in the open Baltic Sea, which seems mainly to be the
result of atmospheric deposition of polyaromatic hydrocarbons (PAH). The
concentration levels of single PAHs are in the range of ng/l or less.
From the comparable data available at present (after 1982), however, it
is not clear whether any trend can be established.

Contamination by saturated and aromatic petroleum hydrocarbons is higher
in coastal waters and particularly close to urbanised areas, with a steep
decline moving to open waters.

Adsorption to settling particular matter leads to high concentrations of
PHC in sediments in accumulation areas under urban influence. The
ecological effects of this chronic exposure on marine organisms are
largely unknown.

Evaluation of analytical results obtained using the W-F method, which
is only group specific, must be done carefully because of very large
qualitative differences in PHC from different sources. The W-F method
used for screening, and thus useful for large number of samples, must be
supplemented by specific analyses on selected samples. Compound specific
investigations are necessary in order to obtain reliable information on
the input and fate of PHC in the Baltic Sea. To determine the specific
PHC compounds in marine samples, measurement by gas chromatography/mass
spectrometry (GC/MS) should be applied.

Data on contaminants other than DDT, PcBs, HCH and PHC are generally few
and scattered and produced with different, non-standardised analytical
methods. This implies that it 1is not possible to evaluate the
distribution patterns or temporal trends in the environmental levels of
these many contaminants.
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Among the "new contaminants" there is an increasing list of identified
compounds that could pose a threat to the environnent according to their
analogies w th known pollutants. Exanples of this are broni nated
bi phenyl's, brom nated diphenylethers and chlorinated thiophenes.
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BALTIC SEA ENVIRONMENT PROCEEDINGS

JOINT ACTIVITIES OF THE BALTIC SEA STATES WITHIN THE FRAMEWORK
OF THE CONVENTION ON THE PROTECTION OF THE MARINE ENVIRONMENT
OF THE BALTIC SEA AREA 1974-1978

(1979)"

REPORT OF THE INTERIM COMMISSION (IC) TO THE BALTIC MARINE
ENVIRONMENT ~ PROTECTION  COMMISSION
(1981)

ACTIVITIES OF THE COMMISSION 1980

- Report on the activities of the Baltic Marine Environment
Protection Commission during 1980

- HELCOM Recommendations passed during 1980

(1981) ~

BALTIC MARINE ENVIRONMENT BIBLIOGRAPHY 1970-1979
(1981)

ASSESSMENT OF THE EFFECTS OF POLLUTION ON THE NATURAL RESOURCES
OF THE BALTIC SEA, 1980

PART A-l: OVERALL CONCLUSIONS

(1981)*

ASSESSMENT OF THE EFFECTS OF POLLUTION ON THE NATURAL RESOURCES
OF THE BALTIC SEA, 1980

PART A-1: OVERALL CONCLUSIONS

PART A-2: SUMMARY OF RESULTS

PART B: SCIENTIFIC MATERIAL

(1981)

WORKSHOP ON THE ANALYSIS OF HYDROCARBONS IN SEAWATER

Institut fiir Meereskunde an der Universitdt Kiel, Department of
Marine Chemistry, March 23 - April 3, 1981

(1982)

ACTIVITIES OF THE COMMISSION 1981

- Report of the activities of the Baltic Marine Environment
Protection Commission during 1981 including the Third Meeting
of the Commission held in Helsinki 16-19 February 1982

- HELCOM Recommendations passed during 1981 and 1982

(1982)

ACTIVITIES OF THE COMMISSION 1982

- Report of the activities of the Baltic Marine Environment
Protection Commission during 1982 including the Fourth
Meeting of the Commission held in Helsinki 1-3 February 1983

- HELCOM Recommendations passed during 1982 and 1983

(1983)

* out of print
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SECOND BI OLOG CAL | NTERCALI BRATI ON  WORKSHOP

Marine Pollution Laboratory and Marine Division of the National
Agency of Environnental Protection, Denmark, August 17-20,
1982, Renne, Dennark

(1983)

TEN YEARS AFTER THE SIGNING OF THE HELSI NKI CONVENTI ON

Nat i onal Statenents by the Contracting Parties on the
Achi evenents in Inplenenting the Goals of the Convention on the
Protection of the Marine Environnent of the Baltic Sea Area
(1984)

STUDIES ON SH P CASUALTIES IN THE BALTIC SEA 1979-1981

Hel si nki University of Technol ogy, Ship  Hydrodynam cs
Laboratory, Qaniem, Finland

P. Tuovinen, V. Kostilainen and A Himiliinen

(1984)

QUI DELI NES FOR THE BALTI C MONI TORI NG PROGRAMVE FOR THE SECOND
STAGE
(1984)

ACTIVITIES OF THE COW SSI ON 1983

- Report of the activities of the Baltic Marine Environnment
Protection Conmi ssion during 1983 including the Fifth Meeting
of the Commission held in Helsinki 13-16 March 1984

- HELCOM Recommrendati ons passed during 1983 and 1984

(1984)

SEM NAR ON REVI EW OF PROGRESS MADE | N WATER PROTECTI ON MEASURES
17-21 COctober 1983, Espoo, Finland
(1985)

ACTIVITIES OF THE COW SSION 1984

- Report of the activities of the Baltic Mrine Environment
Protection Comm ssion duringl984 including the Sixth Meeting
of the Commission held in Helsinki 12-15 March 1985

- HELCOM Reconmmendati ons passed during 1984 and 1985

(1985)

WATER BALANCE OF THE BALTI C SEA

A Regional Cooperation Project of the Baltic Sea States;
International Summary Report

(1986)

FIRST PERI ODI C ASSESSMENT OF THE STATE OF THE MARI NE
ENVI RONVENT OF THE BALTIC SEA AREA,  1980-1985; GENERAL
CONCLUSI ONS

(1986)

FIRST PERIODIC ASSESSMENT OF THE STATE OF THE MARI NE
ENVI RONVENT OF THE BALTIC SEA AREA,  1980-1985; BACKGROUND
DOCUNENT

(1987)
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ACTIVITIES oF THE COMMISSION 1985

- Report of the activities of the Baltic Marine Environment
Protection Commission during 1985 including the Seventh
Meeting of the Commission held in Helsinki 11-14 February
1986

- HELCOM Recommendations passed during 1986

(1986) *

BALTIC SEA MONITORING SYMPOSIUM
Tallinn, USSR, 10-15 March 1986
(1986)

FIRST BALTIC SEA POLLUTION LOAD COMPILATION
(1987)"

SEMINAR ON REGULATIONS CONTAINED IN ANNEX 11 OF MARPOL 73/78
AND REGULATION 5 OF ANNEX IV OF THE HELSINKI CONVENTION
National Swedish Administration of Shipping and Navigation;
17-18 November 1986, Norrkdéping, Sweden

(1987)

SEMINAR ON OIL POLLUTION QUESTIONS
19-20 November 1986, Norrkdping, Sweden
(1987)

ACTIVITIES OF THE COMMISSION 1986

- Report on the activities of the Baltic Marine Environment
Protection Commission during 1986 including the Eighth
Meeting of the Commission held in Helsinki 24-27 February
1987

- HELCOM Recommendations passed during 1987

(1987)"

PROGRESS REPORTS ON CADMIUM, MERCURY, COPPER AND ZINC
(1987)

SEMINAR ON WASTEWATER TREATMENT IN URBAN AREAS
7-9 September 1986, Visby, Sweden
(1987)

ACTIVITIES OF THE COMMISSION 1987

- Report on the activities of the Baltic Marine Environment
Protection Commission during 1987 including the Ninth Meeting
of the Commission held in Helsinki 15-19 February 1988

- HELCOM Recommendations passed during 1988

(1988)

GUIDELINES FOR THE BALTIC MONITORING PROGRAMME FOR THE THIRD
STAGE-; PART A. INTRODUCTORY CHAPTERS
(1988)

GUIDELINES FOR THE BALTIC MONITORING PROGRAMME FOR THE THIRD
STAGE; PART B. PHYSICAL AND CHEMICAL DETERMINANDS IN SEA WATER
(1988)

* out of print



No. 27C

No. 27D

No. 28

No. 29

No. 30

No. 31

No. 32

No. 33

No. 34

No. 35A

No. 36

432

GUIDELINES FOR THE BALTIC MONITORING PROGRAMME FOR THE THIRD
STAGE; PART C. HARMFUL SUBSTANCES IN BIOTA AND SEDIMENTS
(1988)

GUIDELINES FOR THE BALTIC MONITORING PROGRAMME FOR THE THIRD
STAGE; PART D. BIOLOGICAL DETERMINANDS
(1988)

RECEPTION OF WASTES FROM SHIPS IN THE BALTIC SEA AREA
- A MARPOL 73778 SPECIAL AREA
(1989)

ACTIVITIES OF THE COMMISSION 1988

- Report on the activities of the Baltic Marine Environment
Protection Commission during 1988 including the Tenth Meeting
of the Commission held in Helsinki 14-17 February 1989

- HELCOM Recommendations passed during 1989

(1989)

SECOND SEMINAR ON WASTEWATER TREATMENT IN URBAN AREAS
6-8 September 1987, Visby, Sweden
(1989)

THREE YEARS OBSERVATIONS OF THE LEVELS OF SOME RADIONUCLIDES IN
THE BALTIC SEA AFTER THE CHERNOBYL ACCIDENT

Seminar on Radionuclides in the Baltic Sea

29 May 1989, Restock-Warnemiinde, German Democratic Republic
(1989)

DEPOSITION OF AIRBORNE POLLUTANTS TO THE BALTIC SEA AREA 1983-
1985 AND 1986
(1989)

ACTIVITIES OF THE COMMISSION 1989

- Report on the activities of the Baltic Marine Environment
Protection Commission during 1989 including the Eleventh
Meeting of the Commission held in Helsinki 13-16 February
1990

- HELCOM Recommendations passed during 1990

(1990)

STUDY OF THE RISK FOR ACCIDENTS AND THE RELATED ENVIRONMENTAL
HAZARDS FROM THE TRANSPORTATION OF CHEMICALS BY TANKERS IN THE
BALTIC SEA AREA

(1990)

SECOND PERIODIC ASSESSMENT OF THE STATE OF THE MARINE
ENVIRONMENT OF THE BALTIC SEA, 1984-1988; GENERAL CONCLUSIONS
(1990)

SEMINAR ON NUTRIENTS REMOVAL FROM MUNICIPAL WASTE WATER
4-6 September 1989, Tampere Finland
(1990)
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